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Abstract
Self-tracking devices are promising tools for delivering support for behavioural changes. They
present a mix of behaviourally relevant, theory-driven features and functionalities. The
effectiveness of digital tools lies in their ability to scale solutions to individuals with diverse
characteristics. However, the same solution will probably not deliver results for all needs. Some
challenges could be overcome by commercial off-the-shelf systems designed to solve health
behaviour problems, such as a lack of physical activity.
Although digital systems to support health behaviour changes have progressed remarkably,
there is still room for new endeavours to understand why some turn into solutions and why many
do not work as expected. Accordingly, this thesis explores the intersection of theories and
techniques of behaviour change and the current design of commercial self-tracking systems. The
work is based on subjective user evaluations and built on the persuasive systems design (PSD)
model. Themes include reflection, the susceptibility to social influence strategies, the need for
cognition, an exerciser’s self-schema and goal focus.
This thesis comprises five studies. The quantitative data for the thesis were collected using
structured survey questionnaires in 2015 and 2019. Surveys targeted those who had used their selfselected systems to monitor physical activity. Theory-based research models were analysed using
structural equation modelling.
The studies report differences in user evaluations in each studied theoretical theme and
highlight heterogeneity in the real-life context of physical activity monitoring. Findings suggest
that even the most basic mechanisms might not work for all users or systems. Users also choose
systems to match their preferences and motivations, and tailoring approaches might not always be
feasible. This work also contributes to perceptions of effectiveness, often neglected in discussions
of evidence and theory. The thesis presents design insights from the intersection of evidence-based
strategies and subjective user experiences and aims to advance the designs of future systems by
embracing the subjective nature of behaviour change experiences.

Keywords: design strategies, goal setting, health behaviour change, persuasion
strategies, persuasive systems design, self-monitoring, self-regulation, self-tracking

Halttu, Kirsi, Itseseuranta käyttäytymisen muutoksessa. Psykologisten erojen
vaikutus itsemittausjärjestelmien arviointiin
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Tieto- ja sähkötekniikan tiedekunta
Acta Univ. Oul. A 766, 2021
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Ihmisen käyttäytymistä seuraavat itsemittausjärjestelmät ovat lupaavia apuvälineitä käyttäytymisen muutosten tukemiseen. Yleensä niistä on tunnistettavissa monia käyttäytymisen muutoksen
teorioihin pohjautuvia toiminnallisuuksia. Digitaalisten lähestymistapojen vahvuutena pidetään
skaalautumista laajalle käyttäjäjoukolle ja monenlaisille käyttäjille, mutta samat ratkaisut eivät
kuitenkaan vastaa kaikkien käyttäjien tarpeisiin. Joihinkin terveyskäyttäytymisen osa-alueisiin,
kuten fyysisen aktiivisuuden lisäämiseen, itsemittausjärjestelmät vaikuttavat jossain määrin vastaavan.
Vaikka fyysisen aktiivisuuden lisäämiseen tarkoitetut itsemittausjärjestelmät ovat kehittyneet
huimasti viime vuosina, ei vielä täysin ymmärretä, miksi jotkut järjestelmät pystyvät auttamaan
muutosten tekemisessä ja toiset eivät toimi toivotulla tavalla. Tässä väitöskirjassa tutkittiin teoreettisten muutostekniikoiden ja kaupallisten itsemittausjärjestelmien suunnittelun välistä rajapintaa. Työ pohjautuu oikeiden käyttäjien subjektiivisiin arviointeihin ja Persuasive System
Design -malliin (PSD). Työssä tutkittiin muutosta tukevia suunnitteluratkaisuja reklektiotarpeen, sosiaalisten vaikutusmekanismien, kognitiotarpeen ja liikkujan minäkuvan kautta.
Työ koostuu viidestä osajulkaisusta. Määrällinen aineisto kerättiin kyselytutkimuksella vuosina 2015 ja 2019. Vastaajina olivat kaupallisia itsemittausjärjestelmiä omavalintaisesti ja vapaaehtoisesti käyttävät ihmiset. PSD-malliin ja käyttäytymismuutoskirjallisuuden hyödyntämiin
teorioihin pohjautuvia teoreettisia malleja analysoitiin rakenneyhtälömallinnuksella.
Tulosten perusteella käyttäjäarvioinnit eroavat toisistaan kaikkien tutkittujen ominaisuuksien
osalta, mikä korostaa käyttäjädiversiteetin laajuutta. Löydösten mukaan jopa kaikkein oleellisimmat ominaisuudet voivat toimia eri tavalla eri käyttäjille. Käyttäjät myös valitsevat järjestelmiä eri tavoin, jolloin käyttöönoton jälkeen tapahtuva räätälöinti ei toimi. Työ kuvaa käyttäjien
subjektiivista kokemusta itsemittausjärjestelmän vaikuttavuudesta, mikä on usein sivuroolissa.
Tulosten pohjalta väitöskirja kuvaa käyttäytymissuunnittelun mallin ja suunnittelustrategioita,
joiden avulla itsemittausjärjestelmiä voidaan kehittää huomioimaan paremmin erilaisia käyttäjätarpeita ja tukemaan käyttäytymisen muutoksen subjektiivista luonnetta.
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tavoitteenasettaminen,
terveyskäyttäytymisen
muutos,
vaikuttavien järjestelmien suunnittelu
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1

Introduction

When societies evolve, technological advances often favour the minimisation of
physical effort. While many enjoy both work and leisure without physical effort,
there is growing literature on the beneficial effects of physical activity on growth,
ageing and chronic diseases. Physical inactivity is the fourth leading cause of death
worldwide. According to a 2009 estimate, 31% of the world’s population does not
engage in the minimum recommended physical activity levels (Kohl et al., 2012).
Additionally, sedentary behaviours, such as extensive sitting, increase health
problems like cardiovascular diseases and diabetes (Dietz et al., 2015). It is
estimated that around 40% of determinants contributing to premature deaths are
behavioural patterns and around 30% are genetic predispositions, leaving only
around a 10% share for health care (Schroeder, 2007). In the United States, 8.7%
of healthcare expenditures are associated with inadequate physical activity
(Carlson et al., 2015). Considering the cost of treating these symptoms and illnesses
in healthcare, the expectations for novel and effective methods to change these
behaviours are high. Changing one’s behaviour usually requires some ability to
regulate it. Recently, self-regulation has emerged as a skill to be learned and trained,
instead of a trait some possess and some do not. Many successful therapies like
cognitive-behavioural therapy (CBT) are based on identifying necessary skills and
practising them to address problems in life (for an overview, cf. Butler, Chapman,
Forman, & Beck, 2006).
Although physical activity is only one part of an overall healthy lifestyle, it
also contributes by improving executive functioning and supporting individuals’
ability to self-regulate their behaviour (Loprinzi, 2015). In the scientific literature,
self-regulation refers to an umbrella term describing ways people pursue goals.
Mobile devices, particularly smartphones, are promising platforms for delivering
support for self-regulation. New technologies for encouraging physical activity,
healthy eating and other behaviours related to gaining or maintaining good health
are reaching the mainstream. Many mobile applications to monitor and track
behaviours can be categorised as persuasive systems: interactive systems designed
to change people’s attitudes or behaviours (Fogg, 2003). Wearable tracking tools
often accompany these systems, but persuasiveness does not require anything to be
monitored. What the persuasiveness of a system does require is a matter of great
ambiguity. This thesis defines a system as persuasive when it entails persuasive
system features, as described by the persuasive system design (PSD) model (OinasKukkonen & Harjumaa, 2009). This model presents four categories of features,
17

with underlying psychological processes capable of changing attitudes or
behaviours. These categories focus on the primary task, dialogue, credibility and
social support features; this thesis studies features from the first three categories.
The PSD model serves as the main framework of the work, as a lens used
consistently in each study. However, each study aims to examine at least one
additional factor present in persuasive contexts.
Self-tracking devices present a complex mix of behaviourally relevant, theorydriven and evidence-based features and functionalities. One of them, the most
noticeable behaviour change technique (BCT)(Michie, Ashford, et al., 2011), is
self-monitoring one’s behaviour. It is elementary to behaviour change (Bandura,
2005), as it supports building new, desired behaviours and makes habitual,
unconscious and unwanted behavioural patterns visible. Therefore, self-monitoring
makes individuals more self-aware and increases their self-knowledge. Selfmonitoring is rarely the only behaviour change technique these systems employ;
the system often implements different goal-setting and feedback functions that all
intertwine, regardless of being somewhat separate in terms of the taxonomy of
change techniques (Michie, Ashford, et al., 2011). Functionalities widely used in
commercial self-tracking or physical activity support systems have shaped the
scope of this thesis. Regardless of the work based on self-monitoring, a persuasive
feature and a behaviour change technique, theoretical underpinnings are drawn
from the self-regulation literature at large and the process of using the information
available in self-tracking systems.
Although many benefits of monitoring can also be attained with non-digital
approaches, technology increases its potential (Jiang & Cameron, 2020; TurnerMcGrievy et al., 2013). However, many of those systems fail to induce lasting
changes in behaviours, and these tools are often abandoned (Hammond, 2014;
Ledger & McCaffrey, 2014) and fail to support the people who need them the most
(Herz, 2014). Commercial products have also been criticised for not being based
on any scientifically proven behavioural change methodology (Azar et al., 2013)
and only using a few available methods (Middelweerd, Mollee, van der Wal, Brug,
& Te Velde, 2014). Therefore, there is justifiable interest in studying these systems
and how they should be built to support their users in the best way to overcome the
difficulties of modifying their lifestyles. Figure 1 presents a screen from three
mobile apps, all from distinct system providers, with examples of physical activity
training, goal setting and self-monitoring.
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Fig. 1. Self-tracking system UIs. From the left: Polar Flow, Fitbit app and Garmin app.

As the general discussion around the themes of health behaviours is dominated by
two prominent areas, motivation and habits, this thesis merely aims to touch either
one of those factors. Motivation is not irrelevant for post-adoption behaviours, such
as continued self-tracking. Neither is a habit, but self-regulation positions itself
somewhere between those grand themes, paving the way from motivation to
habitual, healthy behaviours. In addition to grounding the work in traditional
theory-driven approaches, this thesis also explores the intersection of design and
behaviour change techniques. Behaviour change is a challenge that does not belong
to any discipline. Therefore, this thesis makes a deliberate effort to draw knowledge
from any promising background to develop solutions for complex health problems
that are often societal. Moreover, it aims to build bridges between theory and
practice.
1.1

Research question

Although digital interventions to support health behaviour changes have progressed
remarkably and achieved better results (Brickwood et al., 2019; Buckingham et al.,
2019; Howlett et al., 2019; Schembre et al., 2018; Stockwell et al., 2019), there is
still plenty of room for new endeavours to understand why and how some
interventions turn into solutions and why many more of them do not work as
19

expected. This thesis focuses on self-monitoring with digital self-tracking systems
as one approach to change physical activity behaviour. The promise of digital health
lies in its ability to scale interventions and solutions to many people with diverse
demographic, geographic and health characteristics. However, the same
information, system or behaviour change technique will not benefit all users.
Instead, several systems are most probably needed to find the most suitable
approach for different user groups, health conditions and system use preferences.
The adaptivity and personalisation of systems are often expected to solve this
diversity challenge, but current implementations are still far from satisfactory for
commercial use. However, some of these challenges could be overcome by utilising
commercially available off-the-shelf systems that can support, for example,
physical activity and sleep monitoring rather reliably.
Personality variables that govern individuals’ cognitive processes are, in this
thesis, hypothesised to influence, mediate and moderate how persuasive features of
systems are perceived and used. Therefore, although this thesis does not measure
attitudes, it concerns subjective evaluations that form the core of the user
experience with the systems. This thesis also synthesises factors studied extensively
before, but not in the context of self-tracking phenomena. The studied variables
stem from Study I, which explored how context has been modelled and studied in
system design and evaluation. The final selection of variables followed the desire
to find factors that would affect how the users at different positions of the
continuum evaluate their systems. Alternatively, factors might be such that they
might be modifiable by persuasive system features. Figure 2 presents the main
research question and research questions of each study of this thesis. The main
research question of this thesis is:
How do psychological factors of user context influence self-tracking systems’
selection, evaluation and perceived persuasiveness?
Study I created an extended event model, which used the division between
situational and long-lasting factors as a lens to study context factors. At that point,
the division was expected to be modelled when the factor was actively influencing
users’ behaviours.
At the beginning of the thesis project, one prominent theme visible in the
human─computer interaction (HCI) literature was reflection. The field usually
views it as an activity instead of a user characteristic. Study II, similarly, aimed to
understand whether persuasive systems can induce conscious, reflective thinking
among their users:
20

Do system features of the PSD model influence users’ need for self-reflective
practices?
There is an established literature on persuasion profiling that is based on the
persuasiveness of social influence strategies. The relationship between those
strategies and persuasive systems was, however, unknown. The universal nature of
strategies implies that they might also have untapped potential as system features,
not just as communication strategies. This promise was studied in Study III which
aimed to identify the most promising strategies to be implemented in persuasive
systems. The study also explored a wider question about the nature of persuasion:
How does the susceptibility to social influence strategies relate to the
evaluation of persuasive design features?
Study IV picked yet another variable that had been studied thoroughly over several
decades, namely the need for cognition (NfC). Due to the nature of self-monitoring
systems, one could hypothesise the motivation for effortful thinking would precede
the successful use of data-intensive information systems such as self-monitoring
tools. NfC is also relevant for persuasion studies because it, to some extent, follows
the idea of two routes to persuasion. Its role in interactive persuasive systems was,
however, unknown. The main research question for the study was as follows:
Do users with different levels of NfC select or evaluate their systems’ selfmonitoring features differently?
Finally, Study V brings forth one of the most studied elements of behaviour change,
namely, goal setting. It combines the basic functionalities of self-tracking systems,
self-monitoring and feedback with goals and goal characteristics. Because the
samples used in this thesis were all current users, an additional lens of exerciser
self-schema was adopted to compare the goal setting considerations. This final
paper of the thesis also explores how one might study psychological, theory-based
processes in commercial systems.
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Fig. 2. Research questions and corresponding articles.
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1.2

Research approach

This study uses a quantitative research approach, which involves measuring
variables and testing relationships between variables to identify patterns,
correlations and causal relationships (Leavy, 2017). Surveys are standard research
methodologies in quantitative research. The two data samples used in this thesis
were drawn from the study population of the University of Oulu’s students and
personnel. Studies used a survey research design with semi-structured
questionnaires delivered via university mailing lists in autumn 2015 and autumn
2019. In both data collection cases, the introductory text of the invitation stated that
the survey targeted those using some mobile app or online service to monitor their
physical activity. Besides this definition, there was also a minimum requirement of
at least two months of use. Therefore, the studies targeted those who have already
adopted these systems and have used them for some time. The rationale for this
sampling strategy was to understand the use and experiences in a natural setting,
which also embeds the self-selection of the system used.
1.3

Dissertation structure

This dissertation continues with a theoretical background of self-tracking systems
and research streams concerning behaviour change. The section also outlines the
previous research on systems with the intent to change behaviours. Section 3
presents the research methodology and methods for data collection and analysis.
Research contributions (Section 4) briefly outline each study, and Section 4.6
summarises the findings as answers to the research question of the thesis. Section
5 discusses what the findings mean and how they might contribute to the research
and practice of self-tracking systems for behaviour change. The limitations and
future research section contemplate the flaws and shortcomings of the current work
and identify gaps in future studies in the field.
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2

Related work and theoretical background

This section provides a background for the work presented in this thesis. First, selftracking is situated in its theoretical frame of reference, which is a mixture of
several theoretical domains. Second, the current state and use of self-tracking
systems is briefly outlined, and the prominent research streams in HCI and IS
literature in terms of design principles and user experiences are presented. Finally,
the background turns towards the effectiveness of behaviour change systems and
briefly presents how systems are evaluated in the current research.
2.1

Theoretical background

The literature on health psychology highlights the need for theory as guidance in
implementing behaviourally informed interventions and applications. Theories that
are explicitly aimed at explaining how and why behaviours change are called
behavioural change theories. Reviews of relevant behaviour change theories
usually identify numerous theories that could be applied to behaviour change. For
example, Davis et al. identified 82 theories in their scoping literature review that
focused on theories that address individuals’ behaviours, in contrast to group
behaviour-related theories (Davis et al., 2015). Three theories accounted for 56%
of all the reviewed articles, namely the transtheoretical model of change (33%),
theory of planned behaviour (13%) and social cognitive theory (11%). However,
the authors concluded that none of the identified theories can fully capture the
complexity of human behaviour. Indeed, those three theories date to 1977, 1985
and 1986.
Information systems (IS) research has spent decades to understand why and
how individuals accept and adopt new technologies (Venkatesh et al., 2003, 2012).
In health behaviour change, mere adoption is rarely enough to achieve and maintain
sustainable, healthy behaviours. One must gain skills and build habits to carry on
with new behaviours also without a system. When normative considerations mainly
influence adoption, post-adoption use depends more on attitudinal factors
stemming from the actual use of a system (Karahanna et al., 1999). The use of a
self-tracking system sometimes presents characteristics of enhanced use, for
example, by using formerly unused features of a system or using a system for new
purposes as the personal learning process evolves (Bagayogo et al., 2014). This
post-adoption, continued use is a somewhat more minor part of the research, but
some interesting findings suggest that adopting the device for non-health-related
25

reasons might inspire the use of health goal setting (Chuah, 2019). That might
indicate that this research field especially benefits from the rigorous focus of both
pre- and post-adoption studies, as health behaviour benefits could also be realised
when a device is not purchased for health reasons.
Another notable variable of attitude- and behaviour-related studies is intention.
The necessity of intentions in forming an action is essential: Although intentions
do not often predict actions reliably, it is unlikely that actions happen without any
intentions (Rhodes & Yao, 2015). The route from intentions to actions over the
notorious intention─action gap and the difficulty of turning intentions into actions
might go via self-regulation strategies, such as action plans and implementation
intentions (Gollwitzer & Sheeran, 2006; Rhodes et al., 2021) that involve planning
and goals. The successful continued use of self-monitoring systems and tools for
self-regulation result from a certain amount of intentions and motivations but does
not always involve plans, as the systems, themselves, do not often guide planning.
Therefore, this thesis focuses on self-monitoring activity and only its closest
techniques, such as goals and feedback, in post-adoption use after the first two
months. This restriction also applies to the theoretical background, which does not
cover motivation, intention, adoption or habit theories. Figure 3 presents this
scoping decision.

Fig. 3. From early motivations to maintained behaviour. The grey areas indicate the
focus of this thesis.

Although the development of health behaviour interventions in times of digitally
interactive interventions could benefit from applying theories, one might ask if the
theories we currently have are sufficient for the task (Riley et al., 2011). The field
has responded to a lack of theories that could better explain observed behaviours
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by shifting attention towards identifying effective behaviour change techniques
(BCTs) used in interventions (Michie et al., 2009; Olander et al., 2013; Teixeira,
2016) and linking techniques to mechanisms of action (MoAs; (Carey et al., 2018;
Connell et al., 2018). These approaches enable the building of intervention logic
aligned with expected psychological processes and the mechanism that drives the
change (Hagger et al., 2020).
Several theories cover self-monitoring at some level, but the most prominent
ones are social cognitive theory (SCT), cybernetic control theory (CT) and goalsetting theory. They are presented next.
2.1.1 Self-regulation theories
‘Whatever other factors may serve as guides and motivators, they are unlikely
to produce lasting behavioural changes unless individuals develop the means
to exercise control over their motivation and health-related behaviour’.
-Albert Bandura
Self-regulation is a broad concept that includes processes of goal setting and goal
striving. It describes how individuals control and direct their actions, emotions and
thoughts (Fiske & Taylor, 2013). Self-regulation also refers to processes that enable
goal-directed actions for individuals (Karoly, 1993). It includes both conscious and
self-set (explicit) goals and inferred (implicit) goals that are outside awareness
(Barone et al., 1997). Goals are mental representations of desired outcomes (Fiske
& Taylor, 2013) to which people are committed (Mann et al., 2013). Intentions are
usually not yet considered goals, as they lack commitment. Mann et al. also suggest
that whether a person is pursuing a particular goal cannot always be self-reported
but inferred by his or her behaviours, as a person might be unaware of goal-driven
behaviours (Mann et al., 2013). Therefore, a more accurate way to evaluate whether
individuals are pursuing a goal is to focus on the decisions they make, behaviours
they engage in and the emotional, cognitive and behavioural reactions these
individuals have to outcomes relating to the goals (Mann et al., 2013). This
approach, however, excludes situations when a person is striving for goal
attainment in an unproductive way, that is doing the wrong things.
Traditional health psychology theories such as the theory of planned behaviour
(Ajzen, 1991) aim to understand what predicts human behaviour and the focus on
mental content. In contrast, the social psychology approach targets the processes
and mechanisms by which the knowledge of what should be done is turned into
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actual behaviours. The latter also usually assumes that people have sufficient and
appropriate knowledge to execute changes and aims to understand ‘why individuals
who know exactly what they must do to achieve optimal health still do not do so’
(Mann et al., 2013). Therefore, self-regulation also covers the maintainance of
motivation, not just behaviour (Sansone & Thoman, 2005, 2006), and aims to
understand dynamic mechanisms of behaviours instead of mental contents.
Regulating one’s own behaviour is active compared to sometimes medicalised and
passive health care and, therefore, is often linked to preventative medicine.
In literature on behaviour change, self-regulation is usually described with
references to social─cognitive theory (SCT; Bandura, 1991) and control theory (CT;
(Carver & Scheier, 1982), both presenting social psychological approaches to
explain and understand human behaviour. SCT holds that human motivation and
action are regulated anticipatorily, and the self-regulation process stems from selfmonitoring our behaviour. Based on understanding the monitored performance and
references from social comparisons, individuals form the desired goals and initiate
actions to attain those goals (Bandura, 1991). Important elements for a self-tracking
system, besides self-monitoring, are processes of discrepancy production
(feedforward) and discrepancy reduction (feedback control), which refer to setting
goals above the current level and adjustments of control and effort to achieve a set
goal (Williams et al., 2000). Control theory (CT) stipulates that behavioural
regulations involve setting goals, monitoring behaviour, receiving feedback and
reviewing goals based on received feedback (Carver & Scheier, 1982) and views
behaviour as a continuous process directed towards goals and controlled by
feedback (Carver & Scheier, 2011). In summary, SCT and CT deal with several
elementary components of self-tracking systems, namely, self-monitoring, goal
setting, reviewing goals and feedback processes. Out of these crucial, intertwined
parts of self-regulation, goals have been studied most extensively, and several
theories are focused merely on goals. Those are presented briefly in Section 2.1.2.
Monitoring one’s behaviour is one of three subfunctions in self-regulation
models (Bandura, 2005), and self-monitoring is elementary to behaviour change.
Self-monitoring is, indeed, a behaviour change technique (BCT) that refers to
keeping a record of specified behaviour related to a target behaviour change domain
or outcome of behaviours like weight loss (Michie, Ashford, et al., 2011). It also is
a crucial part of the self-management of chronic diseases requiring the monitoring
of symptoms and related behavioural factors (Wilde & Garvin, 2007). Selfmonitoring is a highly selective process based on pre-existing cognitive structures
and beliefs and impacts what information an individual perceives as important
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(Bandura, 1991). The process of self-monitoring is usually functional on goals. It
uses feedback to stay on track. Theoretically, self-monitoring and feedback form a
cluster of their own, and goals and goal-related actions such as setting a goal, action
planning, commitment, discrepancy actions and reviewing goals form a separate
but closely related cluster (Cane et al., 2015).
According to Fiske and Taylor (2013), most self-regulatory activities are
automatic and unconscious. Conversely, goal-setting theory is based on conscious
goals and their capability to affect action (Locke & Latham, 2002). However, when
an individual is constantly subjected to feedback in terms of self-monitoring
systems, one might assume that unconscious processes are also involved.
2.1.2 Theories on goals and goal setting
Definitions of goals usually posit that a goal is a mental representation of a desired
outcome or aim a person intends to attain or avoid (Locke & Latham, 2002; Mann
et al., 2013). Some definitions also include the means to attain the goal (Kaftan &
Freund, 2018; Kruglanski et al., 2002). Although this definition is not new, most of
the work in goal setting has studied goals as outcomes, that is the ends towards
which the process is directed. This definition states that a goal is one that people
are committed to and willing to invest affective, cognitive and behavioural
resources to attain. Therefore, while intentions might specify the desired direction
and end state, it is not intentions that constitute a goal (Mann et al., 2013).
The most prominent theory in terms of goals is goal-setting theory (Locke &
Latham 2002) which has been the theoretical background of numerous studies in
organisational behaviours, management, healthcare, education and sport, among
others. Goal-setting theory defines how to set goals optimally, and many of its
findings have been applied in a more pragmatic approach, SMART goals. SMART
goals refer to a set of objectives an effective goal is expected to have: specific,
measurable, assignable, realistic and time-related (Doran, 1981). However, goal
systems theory is focused on processes that lead to goal setting (Kruglanski et al.,
2002), especially the underlying motivational and cognitive aspects of selecting
and forming goals. Control theory is also a theory focusing heavily on goals, as it
posits that no system can be run without a goal, providing research on how feedback
loops affect the monitoring of goal progression (Carver & Scheier, 1982).
The self-regulation phase is considered to begin when goals are adopted (Mann
et al., 2013), but goal-setting theory posits several crucial factors related to efficient
goals that are highly relevant for self-tracking systems’ design and evaluation. To
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evaluate whether a system is delivering goals as an effective mechanism of action,
one must understand how goals function. Goal-setting theory states that goals affect
performance by directing attention and effort towards the actions relevant to
attaining the goal, motivating persistence and extending efforts, and leading people
to develop and use strategies for achieving the goal (Epton & Armitage, 2020;
Locke & Latham, 2002). Effective goals should be specific, a requirement of
SMART goals, and difficult. The difficulty has a positive, linear relationship with
the highest levels of effort and performance, but this function is valid only if the
person has the necessary ability and experience to improve performance and is
committed to a goal. In addition, complex tasks might require setting different types
of goals, for example learning goals that facilitate acquiring the skills needed for
high performance (Locke & Latham, 2006). Goal-setting theory acknowledges
learning goals, also known as mastery goals, but is otherwise focused on
performance and performance goals. Compared to goal content theory (GCT; (Deci
& Ryan, 2000), which is part of self-determination theory (SDT), it seems
somewhat surprising that goal-setting theory has kept its elementary arguments
intact for decades while paying very little attention to the contents of goals. In terms
of health behaviours, goals that most likely lead to success are consistent with other
personal goals, desirable and feasible in general, and intrinsically motivated, as
well as have a mastery and approach orientation (Mann et al., 2013). Indeed, there
are no studies that define what high performance actually is in terms of health
behaviours.
Goal-setting theory also pays very little attention to the affective components
of goals, which might stem from its organisational psychology roots. The only
aspect referring to such components is the detrimental effect of impossible or
otherwise unrealistic goals. In health behaviours, affective outcomes are important
for prolonged healthy behaviours, and health goals might not similarly benefit from
high performance or setting difficult goals. Furthermore, the focus of goals, a
categorisation of goals as process- and outcome-focused, might affect health
behaviours. Process focus concerns proximal, concrete and goal-directed actions,
which sometimes overlap with behavioural goals. An outcome-focused goal is
distal and abstract but provides direction for the actions and clear standards of
comparison between current and desired states (Freund & Hennecke, 2015).
Among health behaviours like physical activity and weight management, examples
of goals that focus on outcome could include finishing a marathon and attaining a
desired weight. These goals provide a standard for evaluating whether the goal is
reached, but they do not themselves give guidelines on how these outcomes can be
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reached (Freund & Hennecke 2015). Many health behaviour goals are a set of
diverse actions, means instead of ends, that individuals should perform
continuously and for a long time to reach the actual outcome. In the context of
health behaviours and especially self-monitoring, both process- and outcomefocused goals might be needed to utilise the change-inducing mechanisms of goals,
helping to direct attention, effort and persistence to goal-congruent actions. A recent
study on workout programmes reported similar subjective experiences with both
process- and outcome-focused programmes, but attendance, the adoption of new
strategies and the completion of programme requirements were higher in the
process programme. Some scholars have recently questioned the applicability of
the SMART goal approach to health behaviours, especially in the early stages of
learning new behaviours (Swann & Rosenbaum, 2018). In the health behaviour
domains, significant effects are reached regardless of goal specificity (McEwan et
al., 2016), which implies that the goals of health behaviours might work in a
different way from the goals in organisational settings. The lack of studies
examining the potential of behaviour versus outcome goals is mentioned as one
prominent gap in research (Armitage et al., 2021).
Another process relevant for studies of goals and setting a goal is goal striving,
which refers to planning and executing actions that promote the attaining of
selected goals and shielding goals from distraction (Mann et al., 2013). This process
is equally relevant for the successful use of self-tracking systems and brings more
BCTs into the equation: People need to plan and execute the actions relevant to
attaining the goals, and they need to protect those goals from disruption. When
users of self-tracking systems aim to act according to their good intentions, they
plan their coming days to identify opportune moments for action and prospective
obstacles in the way.
2.1.3 Dual-process models of persuasion
Dual-process models is an umbrella term for conceptual frameworks that describe
how individuals respond to different cues in decision making (Houlihan, 2018).
The elementary assumption in the models is that information processing has two
modes: effortful and reflective, or more automatic and unconscious. There are two
prominent models: the elaboration likelihood model (ELM; (Massaro et al., 1988a;
Petty & Cacioppo, 1986a) and the heuristic─systematic model (HSM; Chaiken,
1980). A general theory of attitude change, ELM is perhaps the most influential of
the two. It is a cognitively oriented model of persuasion that explains how an
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influential process may impact attitude and behaviour change. However, its main
contribution is the extensive literature that aims to understand how the capacity and
motivation to process information impact the persuasion process (Hamilton, K., &
Johnson, 2020). Any influential strategy based on message content depends on
users’ motivation and ability to process the information contained in the message.
ELM is based on the concept of message elaboration via central or peripheral
routes that represent different levels and types of information processing. When
presented with a message, individuals may process information via careful
consideration (central route) or more automatically (peripheral route), relying on
simple decision rules instead of effortful analysis (Petty & Cacioppo, 1986b). Any
piece of information, regardless of whether it is a rigorously designed motivational
message, a small detail in the implementation of software or the environment of the
persuasion event, can change the elaboration mode in a situation. This ‘multiple
roles’ notion suggests that situational factors also impact the likelihood and extent
of elaboration, and any variable can influence it by serving as an argument, cue,
determinant of the extent of the elaboration, itself, or source of bias (Petty et al.,
1997; Petty & Briñol, 2012). The personal relevance of the argument is one of the
strongest variables exerting an effect on the motivation to elaborate. This construct
is regarded as the personal meaning and intrinsic importance of an issue that people
expect ‘to have significant consequences for their own lives’ (Apsler & Sears,
1968).
There are relatively stable individual differences in the intrinsic motivation to
engage in extensive thinking and enjoy effortful cognitive activities, such as the
need for cognition (NfC; (Cacioppo & Petty, 1982). The implications of the
extensive literature on this personality trait indicate that individuals with high NfC
have stronger information-seeking habits (Cacioppo et al., 1996), and they are in
general more influenced by argument quality than peripheral cues (Haugtvedt et al.,
1988). They are also more motivated to process messages they perceive as complex
(See et al., 2009) and are more easily persuaded using cognition-based messages
(Haddock et al., 2008). There are some preliminary indications that NfC impacts
how individuals interact with and use software, implying that information
processing and NfC, itself, influence both behaviours and actions. For example,
those with high-NfC scores utilise adaptive user interface (UI) features more
frequently (Gajos & Chauncey, 2017) and both preferred personalised content and
chose more preference-matched offers than individuals with low NfC (Ho et al.,
2008).
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2.1.4 Tailoring and personalisation
Behavioural change approaches aiming to increase the personal relevance of the
information given and therefore create a more optimal environment for persuasion
(Kreuter & Wray, 2003; Rimer & Kreuter, 2006) are tailoring and personalisation
strategies. The literature uses these terms often interchangeably, and different
disciplines might use different definitions of those terms. The most comprehensive
classification for the terms and practices of personalisation is presented by Fan and
Poole (2006). Their classification scheme is constructed along three dimensions:
what is personalised, whom the personalisation is targeting and who does the
personalisation. This classification, therefore, combines personalisation and
tailoring and addresses the target as one dimension of personalisation. Following
Fan and Poole, personalisation may make content, functionality, user interface (UI)
or channels/media more suitable for the targeted group or individual. Similarly, the
need for personalisation has been identified both in the selection of behaviour
change techniques and within each of the techniques (Masthoff et al., 2014).
Theoretical explanations for why personalisation techniques are effective often
build on the assumption of increased involvement and engagement in the subject
matter (Cortese & Lustria, 2012) that are outcomes of the perceived personal
relevance of the information given (Lustria et al., 2016). According to ELM, higher
personal relevance is likelier to increase the likelihood of elaborating via the central
route and, therefore, predicts better consequent behaviours. When following this
line of thought, one can summarise that personalisation is an attempt to increase
the personal relevance and salience of information (Kreuter & Wray, 2003; Rimer
& Kreuter, 2006) to create a more optimal environment for persuasion. Some
findings support the idea that tailoring increases elaboration (Cortese & Lustria,
2012; Kreuter & Wray, 2003) and personal relevance (Lustria et al., 2016). Usually,
tailoring improves the fit between the user and system when distinctions in the
target group are identified or otherwise known to exist. Tailoring might target any
parts of the system, but most often, the contents of the messages and
communication, in general, are tailored to contain more relevant information for
particular groups of users. Therefore, tailoring is often focused on the ability and
motivation to elaborate on the information given. This approach was employed, for
example, by Latimer et al. (Latimer et al., 2005), who used several traits that
focused on information processing and concluded that messages matching
processing style are more persuasive.
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Notably, although technological advancements have enabled the use of
personalisation on many levels with advanced techniques, many strategies can be
implemented in relatively simple ways. For example, text messages are perfectly
suitable for tailoring if the actual sending procedure can be automatised to enable
scaling the volume (Graham et al., 2020; Willcox et al., 2019). Tailoring pertains
to actions that personalise a group. It is also a low-level strategy that can be used
in almost any system, BCT or feature, for example, to increase salience and
engagement with intervention in general (Graham et al., 2020). It is probably the
most studied type of personalisation and frequently used persuasive strategy
(Kelders et al., 2012).
Typically, tailoring techniques and strategies are implemented in many ways
that are a natural outcome of their broad applicability in many levels and features
(Martorella et al., 2017). That also makes it challenging to study and determine
which strategies, applied upon which techniques, user groups or traits, are usually
effective. A recent review on conversational agents in health care identified that
tailoring usually targets content, including providing content based on
characteristics of disorders or health status. The feedback and aims of the
personalisation were to improve engagement, augment the overall quality of
dialogues and provide timely feedback and support, for example self-reflection
(Kocaballi et al., 2019). Many approaches can be categorised as either backwards
tailoring (data used for tailoring are historic), demographic tailoring (data used are
based on basic demographic data like age and gender) or forwards tailoring
(tailoring is based on expected future outcomes, either by avoidance or approach
goals). Both the depth and breadth of personalisation must be addressed and
decided when data for tailoring are decided and collected. Ryan et al. (2019)
categorised the tailoring of eHealth interventions into deep-level and surface-level
tailoring. These categories refer to tailoring targets that are psychological
characteristics for deep-level tailoring and behavioural, self-reported or selfmonitored data for surface-level tailoring. The authors point out that surface-level
tailoring is consistent with self-regulation theory and might be a fundamentally
different tailoring mechanism. Customisation, a form of personalisation where the
target user modifies the system himself/herself, may improve satisfaction (Nguyen
et al., 2018) as well as personal relevance, engagement with the website and
perceived action control (Nguyen et al., 2020).
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Persuasion profiling
One special case of personalisation and targeting is persuasion profiling. It refers
to the methodologies used to personalise persuasive messages based on users’
susceptibility to persuasion strategies. Profiles can be created based on
questionnaires or accumulated understanding of user context, with the latter
depending on average effects based on segments or target behaviours. In addition,
profiles may be based on users’ responses to actual messages (e.g. monitoring their
susceptibility in operation). These operative measures outperformed (self-reported)
meta-judgment and are, therefore, ultimate solutions in terms of effectiveness.
However, they may introduce ethical dilemmas through potential threats to user
privacy (Kaptein, 2018). Compared to the many other ways to create personalised
profiles for customers or system users, persuasion profiles focus on means instead
of ends (Kaptein & Eckles, 2010). In other words, they personalise tactics rather
than final behaviours or outcomes. The desired behaviours can be anything: less
flying, more savings, eating more vegetables etc. That makes them extremely
useful for domains in which persuasion would otherwise narrow desired behaviours
(Brynjarsdóttir et al., 2012).
The susceptibility to persuasion can be measured with a scale created by
Kaptein et al. (2009). The scale is based on six persuasion principles (Cialdini,
2001). Cialdini synthesised many studies into six principles of influence:
reciprocation, commitment and consistency, social proof (consensus), liking,
authority and scarcity. These psychological principles are described as producing
mindless compliance, the ‘willingness to say yes without thinking first’ (Cialdini,
2001). The scale has been used in the context of the health domain (Kaptein,
Lacroix, & Saini, 2010) but not in health- or fitness-tracking users. For example,
de Vries et al. (2017) identified that the most critical approach for designing
persuasive communication is to avoid using utterly incorrect principles. The study
demonstrated a low success rate with contra-tailored messages (Kaptein et al.,
2012). Studies on susceptibility to persuasion have concluded that using the
principles to which a user is most susceptible increases compliance with message
requests (Kaptein, De Ruyter, Markopoulos, & Aarts, 2012; M. Kaptein & Van
Halteren, 2013). Susceptibility to certain principles is considered a stable trait and
comparatively independent from the actual target behaviour (Kaptein & Eckles,
2012). In the scientific community, the most relevant work has been done on
persuasion profiling, which refers to methods of utilising individual susceptibility
to persuasive strategies (cf. Kaptein, Markopoulos, De Ruyter, & Aarts, 2015).
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Health communications and systems designed to change health behaviour also use
some of these principles, mainly authority and consensus (social proof), to exert
influence on users’ decision making.
Kaptein et al. (2011) explained the reducing effect of disclosing persuasive
attempts through a dual processing model, arguing that information about the
persuasion attempt urges more elaboration, reduces peripheral processing and,
therefore, strengthens influence via a direct route. Kaptein et al. (2011) also argued
that multiple strategies introduced feelings of scepticism and a lack of trust and
were found to be non-effective. When the users were allowed to choose which
strategy to use, compliance increased, as did the perception of free choice. Finally,
when persuasion attempts were adapted to users’ responses and the system learned
on the go, the effectiveness of the adaptive persuasion profiles decreased more
slowly than that of the fixed profiles (Kaptein et al., 2015). Susceptibility is highly
variable among individual users (Kaptein & Eckles, 2012), making it difficult to
build models based on averages but allowing personalisation. Compared to digital
phenotypes, which are passively collected data streams from smartphones (Torous
et al., 2016), persuasion profiles are more action-oriented than predictive and serve
as means to reach desired ends.
2.2

Designs for self-tracking

This section presents a brief overview of the early days of the self-tracking
phenomenon and the use of commercial systems. Subsequently, a few keystone
fields of these systems are presented in more detail, namely personal informatics
(PI) and persuasive systems.
2.2.1 Overview of self-tracking systems
According to Official Statistics of Finland, around 30% of the total population has
used a smartwatch, fitness tracker or internet-connected headphones (Tilastokeskus,
2020). The results had equal gender distribution, with those aged age 35–44 having
the highest percentage (45%). A recent market survey, with a sample of 1,000
respondents from Finland, Germany, France and The Netherlands each, reports that
32% of respondents currently use and intend to use smartphones with health
tracking apps. The number is 22% for the use and continuing the use of fitness
trackers or smartwatches. The most measured data points were steps (67%), energy
expenditure (48%), heart rate (46%) and sleep (38%). On average, women
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measured more steps and energy expenditure, and men, heart rate and blood
pressure. The most prospective data point was sleep, with Finns being the leading
country in almost all potentially interesting data points. Indeed, several companies
in Finland have developed or invented self-tracking products, for example Polar
Electro, Suunto and Oura. In the US, smartwatches and fitness bands account for
around 15% of the population (Piwek et al., 2016), the leading device
manufacturers being Fitbit and Garmin.
Self-tracking is nowadays a mainstream line of quantified self (QS) movement.
According to a Wired magazine blog written by editors Gary Wolf and Kevin Kelly,
QS is considered to have started around 2007. Today, the quantified self belongs to
an international community with a mission to support ‘...every person's right and
ability to learn from their own data’ (Quantified Self, 2021). Melanie Swan set off
early research on the theme, which used QS as an example of new patient-driven
health care models that embed opportunities for targeting prevention instead of
therapy (Swan, 2009). The foundation of the research was established in 2010 when
Ian Li published the definition and model of personal informatics (PI), a term today
considered a research stream of its own (Li et al., 2010). Self-tracking, the form of
collecting data about oneself by any means, emerged in the research theme in 2014.
Despite its newness, the field was accompanied from the start by a heavy focus on
practical implications and the development of new systems. Therefore, commercial
products are constantly progressing alongside, sometimes ahead of, scientific
research. In many ways, science is also advanced using commercially available
systems. Research also benefits from commercial products. The PI field has utilised
off-the-shelf tools like Fitbit in several studies, including landmark research like
both stage-based (Li et al., 2010) and lived informatics (Epstein et al., 2015). PI
models, introduced in more detail in the next section, are based on the experiences
of natural users of these technologies. Early works are mainly based on qualitative
data, developing an understanding of how individuals use technologies to match
them with their lives and needs and how they choose, change and challenge them.
For some users, self-monitoring continues to bring value over long periods, during
which they become more aware of their routines and behaviours. Fitbit is the most
commonly used wrist-worn fitness wearable in research projects (Fuller et al., 2020;
Henriksen et al., 2018).
A recent systematic review examined the validity and reliability of commercial
wearables used in published studies that examined those measures (Fuller et al.,
2020). The study concluded that step counts were slightly underestimated, and
Apple and Samsung had the highest and most acceptable validity. All the devices
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could measure heart rate accurately. Energy expenditures were not acceptable for
any brands, but inter-device reliability was robust for all nine studied brands. These
findings indicate that current commercial trackers are relatively accurate and can
guide users and researchers in intervention studies. Indeed, during the COVID-19
pandemic, these devices’ usefulness has been noticed in terms of remote clinical
monitoring (Best, 2021) and epidemiological research (Henriksen et al., 2021).
However, there are many myths and unsolved problems about their continued use,
the behavioural changes achieved and the employment of evidence-based strategies.
In the following, personal informatics research is outlined in more detail, as it
has an elementary role in research in general. Although other disciplines have made
substantial contributions to solving these systems’ challenges, all the relevant
research is summarised in this section, without separation from various scientific
backgrounds.
2.2.2 Personal informatics
Personal informatics covers tools, either wearable ones accompanied with mobile
apps or standalone mobile apps, that collect data for their users to monitor their
behaviours and reflections. The research field is around ten years old. While similar
research has been done before, especially in the landmark paper of Li et al. (2010),
which coined the term, most studies position their contributions on the
subsequently stream. Ayobi, Marshall and Cox (2016) divided research on PI
systems into three streams that focused on slightly disparate aspects of these
systems. The psychological stream is grounded in psychological theories of
behaviour change and gathers knowledge on how to design better systems to help
individuals reflect on their data. Conversely, the phenomenological stream aims to
understand how these technologies are used and experienced in practice. The
humanistic stream studies fundamental notions of self, society and culture in the
context of self-tracking and often takes more reflective and critical perspectives on
the use and experiences of the tracking technologies. These three streams represent,
each having several disciplines at their core, the multidisciplinary nature of
personal informatics. However, PI is often considered a stream inside the
human─computer interaction (HCI) discipline, and its most-cited early research
was published at CHI and UbiComp conferences.
The landmark paper presents a stage-based model of personal informatics and
a definition of personal informatics, itself, as ‘[systems that] help people collect
personally relevant information for self-reflection and gaining self-knowledge’ (Li
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et al., 2010). The essence of these systems is helping people collect and store data
and providing a means to explore and reflect on data. The model has five iterative
stages, as users learn and adapt their data collection and data needs accordingly.
The preparation stage starts before the actual collection begins, as people explore
what data to collect and which tools to use. In the second stage, the actual data are
being collected, and the integration stage is focused on preparing the data for
reflection with combining and transforming it into more usable forms. In the
reflection stage, the user studies the data and reflects on it. Finally, the model
includes an action stage that refers to actions users take based on their advanced
information. The model also describes the barriers of each phase. Advances in
technology have made the phases more effortless since most consumer products,
such as activity trackers, collect data automatically and have applications that can
be utilised for reflecting on personal data. However, many barriers that the study
identified are still relevant.
The essence of these tools is the collection of the information necessary for
insightful reflection; accordingly, the reflection stage has been the dominant focus
of recent research (cf. Baumer, 2015; Li, Dey, & Forlizzi, 2011). The idea of
reflection as an active form of utilising data was already central to personal
informatics at the beginning of the field, as highlighted by the reflection stage of
the model (Li et al., 2010). The users’ need to reflect on data was grounded in the
early quantified selfers who emphasised asking questions and learning to increase
self-knowledge through numbers. In the beginning, users tend to ask questions
related to their historic data, proper goals, contextual determinants of data points
and factors that influence their behaviour. This discovery phase eventually turns
into maintenance, which focuses on status in terms of goals and discrepancies
between the goal and the current level of tracked behaviours (Li et al., 2011).
Data visualisations have been a focus of research, as there is a justified
assumption that the way data is presented influences how it communicates new
knowledge and creates insights. The quantified selfers presented extreme users for
early research, and many built custom tools to combine different data streams and
types and to allow more rigorous self-experimentation (Choe et al., 2014). Choe,
Lee and Schraefel (2015) reported eight data-driven types of insight, which all have
subtypes. Insights that arise from details can be, for example, specific days or
measured values that diverge from others. Self-reflection might benefit from
contextual knowledge, for example the occurrence of a particular event after
vacation and contradictory or confirming knowledge. Trends are handy to detect
changes over time, and one’s own data points can be compared with disparate
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measured factors, time and external data such as relevant peers. Typically, insights
are sought via correlations, summaries of data, their distribution by categories or
factors and by inspecting outlier data points (Choe et al., 2015). The authors defined
self-reflection as insight on one’s own. Among quantified selfers, it is the tendency
to reflect on data with careful explorations and is highly typical. Indeed, the need
for a technology to support reflection and reflective thinking has been noted in HCI
research (Baumer et al., 2014; Fleck & Fitzpatrick, 2010), and the HCI community
has responded to the challenges of reflection in various ways. For example, Fleck
and Fitzpatrick (2010) assembled the theoretical basis of reflection as a conceptual
framework that fits design practices better. Baumer (2015) identified dimensions
of reflection for guiding the design of reflective technologies and introduced the
notion of reflective informatics. These theoretical groundings subsequently formed
the basis for numerous research activities (for a review of these activities, see
Baumer et al., 2014). The focus has ranged from designing technology that
facilitates quick, ‘glanceable’ feedback (Gouveia et al., 2018; Gouveia, Karapanos,
et al., 2015; Gouveia, Pereira, et al., 2015) to slow designs that leave more space
for the user’s conscious, reflective thought (Siegel & Beck, 2014). Additionally,
recent studies have acknowledged the ability to create habits (Stawarz, Cox, &
Blandford, 2015) and have covered the utilisation of automatic and subliminal
stimuli (Adams, Costa, Jung, & Choudhury, 2015). Lately, personalisation from
users’ reflective practices has shown promise as an approach (Lee, Kim, Forlizzi,
& Kiesler, 2015).
Context has been identified as elementary information for data points, as it
helps users make sense of data and recognise opportunities for improvement (Li et
al., 2012). Although the rich and naturalistic context with actual users of these
systems makes drawing conclusions somewhat more challenging, it can reveal their
users’ lived experiences and how individuals actively seek, compare and choose
technologies instead of being solely targeted by them. A lived informatics model of
personal informatics (Epstein et al., 2015) enriched the stage-based model with
experiences identified in the wild. It concluded that previous research has mainly
focused on behaviour change motivation, but people might also start tracking
because of rewards and social engagement or due to curiosity about data and their
behaviours. They also report several everyday occasions not fully covered by the
designs of those systems, such as recovering from lapses, transitioning to new tools
and changing goals. Notably, both the stage-based and lived informatics models are
based on experiences of diverse self-tracking domains, and they did not focus on
health behaviours only.
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Among the early adopters of self-tracking, lapses in tracking and the
abandonment of tools and devices were already a rather prominent focus of studies.
People stopped tracking due to the burden of collecting and integrating the data,
concerns about data sharing and privacy, lack of data reliability or because they
believed they did not need to track anymore, as they already had learned what they
wanted. Moreover, changes in their daily circumstances might no longer favour or
enable tracking (Epstein et al., 2016), or abandoning a device might be caused by
upgrading to newer devices (Clawson et al., 2015). Lived informatics also denotes
that people are not rational data scientists but use these devices in many ways, some
of which might be more socially oriented or otherwise connected to issues outside
the service and its ecosystem (Rooksby et al., 2014). It might mean that they ignore
previous historic data but use it more to guide themselves towards something.
Rooksby et al. (2014) reported five partially overlapping styles to use activity
tracking devices. Goal-driven, directive tracking aimed to reach health benefits (e.g.
lose weight), but the system sometimes defined the actual goals. Documentary
tracking was used to document activities instead of having a goal to change them.
When users tried to solve challenges or find reasons for their issues, they used a
diagnostic tracking style. Some users were mainly tracking to collect certain
rewards, and others were simply interested in gadgets (Rooksby et al., 2014).
Sometimes, people seem to benefit from trackers for a long time, and their
motivations to keep tracking do not vanish quickly. For some, numbers and system
goals become such strong motivators and targets of extensive focus that the original
motivations and goals for monitoring might seem overshadowed (Fritz et al., 2014).
The nature of use may also be more explorative than purposive (Karapanos et al.,
2016). Users’ pre-existing motivations shape how they perceive the system and
which affordances they deem relevant (Jarrahi et al., 2018). However, the road to
lasting behavioural changes has been challenging to find – as it is for any other
field. Although behavioural change is not the only motivation to use these tools, it
has been among the focal areas of research, especially in health behaviours (Shin
et al., 2019). Classic landmark papers by Sunny Consolvo and others (Consolvo et
al., 2008; Consolvo, Klasnja, et al., 2009) studied the UbiFit system, the first
persuasive system intended to encourage physical activity. UbiFit used flowers to
present the goal-striving process, and the flowers were shown on a mobile phone’s
glanceable home screen display (‘wallpaper’). Work with UbiFit was already
applying knowledge from behaviour change theories, such as goal-setting theory
and the transtheoretical model of behaviour change (Consolvo, McDonald, et al.,
2009). In addition to data visualisations, goals and rewards have been the most
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prominent research and practical implications for these systems’ theory-driven
approaches (Fritz et al., 2014; Gouveia et al., 2016; Munson & Consolvo, 2012).
Some of the abovementioned studies also used the term persuasive technology,
referencing a multidisciplinary field presented by B. J. Fogg in 2003.
2.2.3 Persuasive systems
Self-monitoring systems are persuasive systems implementing persuasion, ‘a
deliberate attempt to change attitudes or behaviours or both’ (Fogg, 2003). When
humans communicate, they use persuasion to influence others’ thoughts, feelings
and behaviours (Simons et al., 2002). Persuasion means influencing, for example,
someone’s attitudes and behaviour intentionally. In terms of social interactions,
some of this persuasion is based on a position that humans form similar
communications with computers, for example mobile applications, as they do with
real social actors, that is humans (Nass et al., 1995). Fogg (2003) defined
persuasive technology as an interactive computing system designed to change users’
attitudes or behaviour. Persuasion can occur directly between people, using verbal
and nonverbal communication (interpersonal persuasion) or mediated by
computers, such as sending e-mails or writing weblogs (computer-mediated
persuasion). Fogg created a conceptual framework of a functional triad to illustrate
how computing technology operates: Such technology consists of tools, media and
social actors, usually mixing these roles into one product. The tool increases the
capabilities and persuades by leading the user through the process of performing
calculations, which in turn motivates the user. Computing technology as a medium
uses persuasion by making the experiences of others available by providing causeand-effect relationships and vicarious experiences. Computing technology creates
relationships by giving feedback and social support and therefore acts as a social
actor. These three corners differ in the persuasion strategies they support (Fogg,
2003). Human─computer persuasion refers to persuasion that occurs while people
are interacting with computers directly, using systems with persuasive features
(Harjumaa & Oinas-Kukkonen, 2007). Persuasion can, however, also be nonverbal,
not embedded in the wordings of the message: For example nodding, smiling and
the physical attractiveness of the communicator can increase or decrease message
elaboration (Guyer et al., 2019).
Definitions of persuasion agree that persuasion is intentional and non-coercive
communication, aiming to change attitudes and behaviours. Originally, persuasion
research focused on communication processes (Slattery et al., 2020). However, IS
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research has lacked conceptual definitions and frames of reference, and a
significant number of papers have focused on persuasion either without any theory
basis or by using case-specific differentiations of other related concepts. Previous
definitions have also been communication focused, which diminishes its
applicability to, for example digital systems. Slattery et al. (2020) suggested that
persuasion is the super concept used to subsume concepts of influence, rhetoric,
coercion, compliance gaining and propaganda. Therefore, a new definition of
persuasion was recently suggested by Slattery et al. (2020) as a common frame of
reference for IS research:
Persuasion involves one or more agents engaged in the activity of creating,
reinforcing, modifying or extinguishing beliefs, attitudes, intentions,
motivations, and/or behaviours.
In the context of persuasive technology, persuasiveness is a system’s ability to
generate persuasive effects on a user. It is often operationalised as favourable
impressions of the system (Lehto, Oinas-Kukkonen, Pätiälä, et al., 2012). ollowing
this line of thought, persuasiveness is an attitudinal construct. As attitudes are
evaluations of entities such as objects, persons, behaviours and ideas in a person’s
environment, they are considered central to people’s actions and expected to impact
behavioural decisions (Hamilton, K., & Johnson, 2020). As the term persuasion
sounds both abstract and untouchable, the ability to reinforce and modify, for
example attitudes and behaviours is more practical and easier to understand.
Nevertheless, persuasive technology is heavily focused on changing behaviours,
and attitude change is an almost non-existing target in the current literature, as
noted in earlier times of persuasive technology (Torning & Oinas-Kukkonen, 2009).
It is, indeed, rather typical for the persuasion literature to refer to both behaviours
and attitudes, but the focus solely is on behaviours. Similarly, as a specialised form
of HCI research, the personal informatics literature does not state the change of
attitudes but only behaviours. Initially, persuasive technology was focused on
behaviours, as exemplified by the behaviour grid (Fogg, 2009), but in terms of
BCSSs, there are attempts to include attitudinal change into the repertoire of change
outcomes (Oinas-Kukkonen, 2013).
Interactive persuasive systems (Spagnolli, Chittaro, & Gamberini, 2016),
information systems designed to change users’ attitudes and behaviours, suggest
that the key approach to changing behaviours is persuasion (Oinas-Kukkonen &
Harjumaa, 2009). Persuasive systems leverage the potential of technology to exert
influence on their users in open and ethically sound ways without coercion or
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deception. The persuasive systems approach has also been criticised, focusing on
simple and too-narrow behaviours (Brynjarsdóttir, Håkansson, Pierce, Baumer,
DiSlavo, & Sengers, 2012) and creating a punishment─reward trap (Spagnolli,
Chittaro, & Gamberini, 2016). Reflective systems have been suggested as an
alternative approach to changing behaviours (Munson, 2012). In these systems, the
system increases users’ self-awareness by making behaviours visible. By reflection,
the user is expected to pursue personally motivating goals and change
unsatisfactory practices and habits in terms of self-regulation. This self-monitoring
activity is extensively utilised in physical health and wellness services
(Middelweerd, Mollee, van der Wal, Brug, & Te Velde, 2014) and is considered the
most efficient technique to change behaviours (Michie, Abraham, Whittington,
McAteer, & Gupta, 2009). As designs often employ several types of influence, one
can expect to find both persuasive and reflective system features in the systems.
Gamification, referring to game-like elements in systems that are not games, is
often considered one form of persuasive design (Alahäivälä & Oinas-Kukkonen,
2016; Bui et al., 2015; Cugelman, 2013). Many persuasive technology features can
be considered gamification techniques, and the boundaries are fuzzy on both ends.
For example, gamified systems are often referred to as having immediate success
and continuous progress feedback (Cheng et al., 2019; Johnson et al., 2016;
Koivisto & Hamari, 2019); goal setting with scores, badges, levels and status
(Cheng et al., 2019; Hervas et al., 2017; Johnson et al., 2016; Koivisto & Hamari,
2019); and rewards (Cheng et al., 2019; Johnson et al., 2016; Koivisto & Hamari,
2019). The primacy of gamification is anchored in its ability to increase
engagement with the system and to improve motivation, especially in initiating
action (Johnson et al., 2016).
Persuasive systems design model
The persuasive systems design (PSD) model is a conceptual framework for
developing persuasive behaviour change technologies. Oinas-Kukkonen and
Harjumaa (2009) created a model to guide software development and evaluate
persuasive systems. The model combines findings from several disciplines into one
model to analyse, design and evaluate information systems with persuasive features.
Numerous systems and applications have been evaluated using the PSD model as
a conceptual framework (Lehto & Oinas-Kukkonen, 2011; 2015; Matthews, Win,
Oinas-Kukkonen, & Freeman, 2016) or by applying a rigorous statistical analysis
utilising constructs derived from the model (Lehto, Oinas-Kukkonen, & Drozd,
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2012; Lehto, Oinas-Kukkonen, Pätiälä, & Saarelma, 2012; Lehto & OinasKukkonen, 2015). The model can be applied in system development to identify
potential features for the system to create persuasive effects and analyse systems’
potential persuasiveness. It has also served as a theory-based source of persuasion
mechanisms for personalising games for health (Orji, Vassileva, & Mandryk, 2014)
and a computational model for energy behaviour change interventions (Mogles et
al., 2018).
The model is based on seven postulates that present the key principles behind
each persuasive system. The first postulate states that persuasive systems are never
truly neutral, but always exert some degree of influence on their users, often
unintentionally. Second, people want their views about the world to be consistent.
The third postulate refers to dual processes of persuasion: direct and indirect routes.
The incremental nature of persuasion attempts is postulate number four. The last
three postulates offer openness, unobtrusiveness, usefulness and ease of use of the
persuasive systems. These postulates can be transformed into the software’s
characteristics and possess mediating powers regarding other features.
The systems’ development process describes a persuasion context phase, which
refers to the overall persuasion situation. This phase urges one to study and identify
contextually relevant elements in the life situation and in the designed system’s
problem domain to deliver a successful support system for the change. At a general
level, these elements might be attitudes and beliefs, lifestyle and situationdependent issues, details of the problem domain, itself, and the type of strategy that
fits the situation (Oinas-Kukkonen & Harjumaa, 2009). In the persuasion context,
the system’s intent needs to be analysed first: namely, who is the persuader, and
what type of change does the system aim at? The change type is also part of the
intent determined in the persuasion context phase. The basic forms of change are
changing one’s behaviour or attitude, out of which attitudinal change is generally
considered more challenging to achieve. However, a more precise classification of
possible change types and outcomes is defined in the intended outcome/change
(O/C) design matrix created by Oinas-Kukkonen (2013). The second phase of
persuasion context analysis assesses use, user and technology contexts in the event.
Lately, the context types mentioned have been classified into an extended event
model that helps with the gathering of requirements (Halttu, Oduor, Tikka, &
Oinas-Kukkonen, 2015). The strategy phase of context analysis defines the
message and the route for persuasive communication.
The actual system features form the categories of primary task support,
dialogue support, system credibility support and social support. Primary task
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support refers to features that support the main goal that the system helps users
achieve. Features from the dialogue support category, such as rewarding or
reminding, often support this. Often-employed principles of primary task support
are self-monitoring and reduction. Counting steps is an example of reducing the
more complex target to be physically active into a simple and easily monitored task
to increase step count. In tunnelling, the user is guided with restricted access to
other sources through a series of questions and tasks that help to focus on essential
aspects (Matthews, Win, Oinas-Kukkonen, & Freeman, 2016). As Figure 3 in
Section 2.1 shows, self-regulation actions, such as setting goals and striving to
attain them, are mechanisms that help to move from intention to action. Improving
self-awareness and setting goals based on this knowledge ignites the persuasive
powers of goals, which are considered mechanisms of action (Carey et al., 2018).
Elements of dialogue support are naturally intertwined with primary tasks,
especially in self-monitoring, which often uses suggestions and reminders to keep
the user up to date with the process. The first two studies measured principles
categorised as dialogue support system features: praise, rewards, feedback and
reminders. BCT taxonomy considers incentives and rewards belonging to the
theoretical domain of reinforcement techniques (Cane et al., 2015; Carey et al.,
2018). Elements of praise are also part of feedback techniques in the BCT
taxonomy but are usually considered social rewards. Indeed, feedback processes
are an MoA defined as comparing current behaviour against some standard that
could be intra- or interpersonal.
Conversely, reminders invite the system user to perform a behaviour and draw
their attention to something, either in the system, the user, itself, or the environment.
A reminder is a vehicle to help one remember, as its naming indicates, and is
theoretically associated with memory processes. Depending on the chosen
implementation, a reminder can also be a trigger when its theoretical base is
behavioural queuing and eliciting environmental context relevance. The theoretical
base of the chosen approach informs how the reminders should be designed: For
example, if the reminder notifies a user not to forget to read new content in a web
service, it serves as a memory aid, both to remember to complete the actual actions
and to keep the goals supported by the system salient in one’s memory. A cue to
action, that is, the same principle implemented as a habit cue, often serves better
when implemented in the actual environment instead of inside the digital system.
In the systems studied in this thesis, reminders serve as memory aids, as they
remind one of training, goal statuses and the need to take a break.
46

System credibility features illustrate how the innate persuasive powers of
credibility can be leveraged in system design. That includes, for example, creating
appearances and behaviours that enhance credibility (surface credibility) and
providing information that exhibits expertise. The fourth category of social support
focuses on the effects of social influence (Oinas-Kukkonen & Harjumaa, 2009).
While social influence is usually present in current applications, credibility is not
widely supported (Matthews et al., 2016). Building credibility into a system is a
complex task requiring knowledge in architecture, interaction, interface and system
design, as the system's behaviour either instils credibility ─ or does not. Only some
systems utilise direct referral to credible sources that are BCTs. Credibility sources
are either general-level impressions or more detail-focused, subjective impressions.
Additionally, a theoretical explanation for overall impressions of expertise can
be derived from Cialdini's authority principle. At times of interactive digital
everyday life, aesthetics might give the impression of experienced and talented
professionals behind the service. That also implies that low-quality
implementations without necessary expertise might not reach the excellent
credibility required for behaviour change (Arigo et al., 2019).
2.3

Evaluation of behaviour change technologies

Health behaviour change interventions disrupt the behavioural status quo and aim
to change some behaviours towards more healthy alternatives (Hekler, Klasnja,
Traver, & Hendriks, 2013). In a recent review on theories and constructs used in
health behaviour change, Sheeran et al. (Sheeran et al., 2017) state the importance
of understanding which targets and mechanisms of change are most effective and
how those target elements are best engaged within interventions. Based on evidence
on how different targets have been used and worked, they conclude there are four
types of targets: cognitions about the health threat, cognitions about the health
behaviour, volitional factors and implicit cognitions. Research rarely studies
several targets in the same setting, making it difficult to understand the synergies
between the targets. Therefore, reviews tend to focus on a specific theory or target.
Conversely, there also are recommendations to focus only on a limited number of
techniques and theories, as complexity makes it more difficult to identify effective
components (Cane et al., 2012). Indeed, health behaviour change, like any
behaviour change, is a complex process affected by numerous factors.
Randomised controlled trials (RCTs) are considered the gold standard for
evaluating efficacy in interventions, but other alternatives, better suited to the fast47

paced development of digital interventions, have been developed but still rarely
used (Dick et al., 2020; McCallum et al., 2018; Pham et al., 2016). The
opportunities of digital platforms require new research frameworks to support
knowledge accumulation (Hekler, Tiro, Hunter, & Nebeker, 2020) and the
optimisation of interventions. For example, factorial experiments complement
more traditional RCTs by estimating individual effects of components and their
interactions (Collins et al., 2014). That is especially important in terms of behaviour
change techniques used and system design features and allows the fine tuning of
the final RCT intervention (McMahon et al., 2017). As digital systems allow more
tailored approaches, those systems should also be evaluated in a way that respects
the adaptive nature of the intervention. The sequential multiple assignment
randomised trial (SMART) is one approach that uses multistage randomisation and
informs intervention designers of the best strategies to be used and the order of
those strategies (Lei et al., 2012; Miller et al., 2020).
HCI research has pondered how to respond to the efficacy needs of systems
with health behaviour change goals. One suggestion is that the efficacy in terms of
system design could be narrower, focused on understanding if the designs work as
intended. Intention refers to psychological processes underlying the selected
strategies and guiding the design's expected outcome (Klasnja et al., 2011). The
narrow focus might also allow for the comparing of implementations, which is
rarely done in research interventions. Examples of evaluating part of an
intervention might be simple prototypes (Bharmal et al., 2020; Gouveia et al., 2016)
or fully functional sets restricted by their features.
Similarly, the selected type of evaluation needed should be guided by the
theoretical literature about the selected strategies. Klasnja and colleagues (2011)
exemplify that self-monitoring prevails as long as monitoring occurs, and
evaluations should address that, if the system works, target behaviours are
increased while monitored. The effect will probably subside when monitoring ends.
Both expected outcomes might be good targets for evaluation. However, selfmonitoring might change some beliefs or attitudes, and in case that is expected, the
tendencies to change one’s thinking could be measured. In addition, systems for
behaviour change can be evaluated based on the perceived or objective size of the
change in the target behaviour. Some techniques might improve actual behaviours
only a little, but effects are otherwise piling up as people become sensitised to
certain aspects of their environment due to system use and because they start
identifying promising opportunities for new behaviours. The focus on smaller parts
of the system naturally also has its downsides, as the seamless interaction between
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features is often expected in a good UX and good product. One might expect that
many designs are slightly more than the sum of all parts, and changes in thinking
and behaviours might go well beyond instrumental needs (Hassenzahl & Tractinsky,
2006). It is also unclear how much of the persuasiveness of a system is related to
actual achievements the system enabled and the instrumental means the system
supports in everyday life.
In the developmental processes of ‘real-world’ interventions, and quite often
also in research developmental processes, the active ingredients originally derived
from theories tend to disappear (Kok et al., 2016). Therefore, the narrow focus of
HCI research could complement intervention designs by validating that active
ingredients are present in the actual implementation as experts in system design
sometimes do not design health intervention systems. Moreover, the system's
acceptability and intervention could be evaluated similarly before the actual study.
Acceptability can impact several essential predictors of actual intervention effects,
such as use engagement (Perski & Short, 2021). Indeed, knowing that some
strategy or technique is effective is not enough to understand how the same effect
can be implemented in some other context or system. Although this shortcoming is
usually covered by BCT taxonomies and supplemented with action mechanisms,
there is still an unacknowledged space of subjective experiences that might be
much more elementary to success than theory-driven approaches admit.
2.3.1 Behaviour change techniques
Taxonomies of behaviour change techniques have helped researchers to focus on
ingredients of interventions more carefully and share common, agreed-upon
language to describe and compare interventions (Sheeran et al., 2017). The most
extensive and most used taxonomy contains 93 clearly defined behaviour change
techniques (Michie et al., 2013). A behaviour change technique (BCT) is defined
as a ‘replicable component of an intervention designed to alter or redirect causal
processes that regulate behaviour; that is, a technique is proposed to be an ‘active
ingredient’ (e.g. feedback, self-monitoring and reinforcement’; (Michie, Abraham,
et al., 2011). BCT taxonomy is divided into 16 clusters. A BCT should enable
behaviour change or mitigate its inhibiting factors (Carey et al., 2018). The
technique aims to focus on behavioural processes the intervention facilitates rather
than how the mechanism is delivered. For example, the same processes underlie
self-monitoring using pen and paper or sensing devices, although fully automatic
processes might not deliver all the side effects of conscious thought compared to
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paper-based solutions. Techniques also have been specified with certain criteria to
enable operationalisation and identification (Michie, Abraham, et al., 2011). The
BCT taxonomy has been utilised to specify and identify the techniques in
interventions, and it offers a shared language for researchers to describe
intervention designs. Recently, mechanisms of action (MoA) have been introduced
into intervention and behaviour change design (Carey et al., 2018). MoAs function
as mediating factors of the expected change, and interventions should contain
techniques that will engage those mechanisms. The current literature defines 26
MoAs which have been linked to 74 BCTs. The updated status of identified links
can be checked online from the Theory and Technique Tool (The Human Behaviour
Change Project, 2020).
Self-monitoring is the most common BCT among mobile apps designed for
supporting physical activity (Middelweerd et al., 2014), health behaviour change
(Zhao et al., 2016) and health interventions in general (Payne et al., 2015). Several
studies have also reviewed the use of BCTs in commercial self-tracking systems.
Activity trackers usually employ self-monitoring, feedback and environment
changes; the last-mentioned technique usually refers to the effect of wearing the
device itself. Other prevalent techniques are goal setting, reviewing goals, a
discrepancy between the current behaviour and goal, rewards and prompts and cues
(Lyons et al., 2014; Mercer et al., 2016). Duncan et al. (2017) also studied activity
trackers, but they coded BCTs separately for activity, sleep and sedentary
behaviours, as many commercial trackers allow the tracking of all those behaviours.
All the three trackers, Fitbit Charge HR, Garmin Vivosmart2 and Jawbone Up,
employed most BCTs for activity. A total of 18 BCTs were present in all devices.
Most BCTs for physical activity were from goals and planning, and feedback and
monitoring clusters. A relatively recent study with activity trackers from the lower
price point analysed BCTs related to self-management strategies (Cheng Chia et al.,
2019). BCTs identified in all studied trackers included discrepancies between the
current behaviour and goal, feedback on behaviour, self-monitoring of behaviour,
feedback on outcomes of behaviour, adding objects to the environment and body
changes. The most recent study focused on wrist-worn high-end wearables reported
the following BCTs to all five studied devices: goal setting (behaviour), action
planning, review behavioural goals, a discrepancy between a current behaviour and
goal, feedback on behaviour, self-monitoring of behaviour, biofeedback, social
support at large, social comparison, prompts/cues, social rewards and adding
objects to the environment. The studied Fitbit, Garmin, Apple, Polar, and Xiaomi
devices employed 17, 16, 12, 11 and 11 BCTs proven effective, respectively
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(Düking et al., 2020). In conclusion, commercial self-monitoring systems typically
employ techniques from both goals and planning and feedback and monitoring
clusters and, therefore, implement theoretical mechanisms proposed by both selfregulation theories (Bandura, 2005; Carver & Scheier, 1982) and goal-setting
theory (Locke & Latham, 2002). Additionally, most devices offer some social
functionalities that add BCTs from the social support cluster and rewards from the
scheduled consequences cluster.
To give examples of BCTs and MoAs and illustrate how they map to selftracking systems, Table 2 presents 16 BCT clusters and those BCTs most often
implemented in self-tracking systems. The published syntheses offer slightly
different suggestions regarding available links, as linking is an ongoing process
(Carey et al., 2018; Connell et al., 2018). The table presents BCTs according to
their hierarchically relevant order instead of their original numbering.
Table 1. BCT clusters and techniques regularly used in self-tracking systems and
mechanisms of actions have been reliably linked to those techniques. Adapted from
Carey et al. (2018), Michie (2013) and the Theory & Techniques Tool (The Human
Behaviour Change Project, 2020). Only those links which exceeded the criterion authors
had set for reliable evidence, indicated with green colour in the online tool, are
presented in the table.
BCT Cluster

BCT used in self-tracking systems

Mechanism of Action

Reward (outcome)

Beliefs about consequences

Social reward

Reinforcement

Scheduled consequences
Reward & Threat

Social influence
Motivation
Repetition & Substitution
Antecedents

Adding objects to environment

Environmental context and

Body changes

resources
Behavioural cueing

Associations

Prompts/cues

Memory, attention and decision
processes
Environmental context and
resources
Behavioural cueing

Covert Learning
Natural Consequences
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BCT Cluster
Feedback & Monitoring

BCT used in self-tracking systems

Mechanism of Action

Self-monitoring (behaviour)

Knowledge

Feedback on behaviour

Behavioural regulation

Self-monitoring (outcomes)

Motivation

Feedback on outcomes

Feedback processes

Biofeedback
Goals & Planning

Goal setting (behaviour)

Intentions

Goal setting (outcome)

Goals

Review behavioural goals

Motivation

Review outcome goals

Feedback processes

Discrepancy between current

Behavioural cueing

behaviour and goal
Action planning
Social support

Comparison of Behaviour

Social support (unspecified)

Environmental context and

Social support (practical)

resources

Social support (emotional)

Social influence

Social comparison

Self-Belief
Comparison of Outcome
Identity
Shaping Knowledge
Regulation

In addition to the BCT taxonomy, another taxonomy of behaviour change methods
is an intervention mapping approach (Kok et al., 2016). This approach is based on
intervention development work presented by (Bartholomew et al., 2011), and it is
contrary to the BCT taxonomy, which focuses on the identification and coding of
components. The IM taxonomy was initially created for intervention development.
Depending on the discipline at hand, development might also refer to designing
interventions. Indeed, the IM taxonomy has several roots, as it is heavily focused
on determinants of behaviours and expects any intervention to clearly define what
determinants of problematic behaviours it is trying to change. As individuals may
present problematic behaviours for various reasons, the intervention naturally can
target only those who have reasons matching the selected determinant. In addition,
the IM taxonomy guides the selection of methods to change those determinants by
defining the parameters that must be met when the method is translated into a
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practical application (Kok et al., 2016). For example, if the goal-setting method is
used, the goal must be something a person can commit to (acceptable), challenging
and achievable.
The BCT taxonomy is by far the most used taxonomy in the field; the IM
taxonomy has not reached similar attention. The critical remarks about BCT contain
notes worth noticing, including the fact the BCT taxonomy is not based on effective
techniques only, but presents an agreed-upon set of techniques used in behaviour
change interventions, with both effective and ineffective onboard (Kok et al., 2016;
Michie et al., 2013). Kok et al. present their methods as theory-based, as those
methods and their mechanisms of action are explained by theory or theories, as
several theories might explain the same mechanisms. As we can see, both
taxonomies have their strengths, and they can and perhaps even should be used side
by side to enable efficient design and coding.
2.3.2 Effectiveness of self-tracking systems
Behavioural regulation is a prevalent mechanism in health interventions (Hennessy
et al., 2020), and self-monitoring is the natural backbone of self-tracking systems.
Its effectiveness as BCT has been reported numerous times. Combined with other
BCTs of self-regulation, such as action planning, goal setting, feedback and
reviewing goals, self-monitoring was deemed the most effective technique for
achieving more physical activity and healthier eating in studies with all delivery
modes included (Michie et al., 2009). A recent randomised, factorial trial suggested
that self-monitoring alone might be effective for some behaviours, such as
sedentary behaviour or physical activity (Eckerstorfer et al., 2018; Schroé et al.,
2020), but its effects are often reported to improve by combining it with other selfregulation constructs (Laranjo et al., 2021; Michie et al., 2009; Schroé et al., 2020).
Studies that have focused on RCTs using wearables and self-monitoring
systems have also reported favourable results. A systematic review and metaanalysis for physical activity interventions reported that systems, all including selfmonitoring and feedback techniques, were effective for adults (Gal et al., 2018).
Similarly, a recent systematic review with a meta-analysis concluded that Fitbitbased interventions improved physical activity and other health-related outcomes
(Ringeval et al., 2020). It seems that systems implementing self-regulation at large
are, indeed, efficient. However, the most recent approaches (Baretta et al., 2019;
Cheng Chia et al., 2019; Düking et al., 2020) have exemplified the need to delve
deeper into details to provide actionable insights.
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Commercial systems make compromises due to circumstances in product
development, and benchmarking other product manufacturers is a standard strategy,
sometimes leading to uniform feature sets without solid justifications. To advance
the field, it is crucial to step further from the implemented BCTs and focus on the
structure of implemented BCTs. Commercial systems are getting complex in terms
of the availability of features. Likely, even long-time users regularly use only some
features, and many are entirely unknown to them. The current positive overview of
the effectiveness of self-regulation techniques is still mainly validated with narrow
target populations, and many findings are inconclusive (Hennessy et al., 2020). For
example, activity trackers could not increase physical activity among adolescents
in socio-economically disadvantaged areas (Ridgers et al., 2021). However, these
systems might have benefits in terms of higher retention, as noted by Laranjo et al.
(2021), which is elementary to effectiveness in the long run (Perski & Short, 2021).
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3

Research methodology

This thesis presents five studies, out of which four are empirical studies utilising
quantitative research designs. Although quantitative research within the
information systems discipline is usually defined to follow the positivist paradigm,
this thesis is leaning slightly more towards postpositivist paradigms that view
knowledge as subjective and favours naturalistic research (Kankam, 2019). Indeed,
although this thesis does not include any qualitative data, postpositivist approaches
acknowledge the need to bring together both theory and practice and, therefore,
describe more authentically the worldview of the author. In addition, many
measures of the studies are subjective by nature, and this fact is fostered through
interpretations.
The data were collected using surveys, and most of the measures are latent
variables. Latent variables are factors or constructs that cannot be measured or
observed directly, but they are inferred from other variables that can be observed
or directly measured (Bollen, 2002). This section presents a brief overview of the
constructs used in the studies, data analysis methods and a description of how the
ethics were considered when collecting and handling data.
3.1

Measurement instruments

The studies of this thesis have used either existing measurement instruments as they
were or adapted existing instruments to match the study’s context. Table 3 presents
the used instruments, briefly describes their theoretical foundations and provides
original references for each instrument.
Table 2. Measurement items used in the four empirical studies.
Instrument

Description

Source

Primary task support

The scale used in studies II and III measures

Lehto, Oinas-Kukkonen, &

(PRIM)

how well the system supports the user in

Drozd (2012)

reaching goals and monitoring progress.
Dialogue support (DIAL) Features in the category of dialogue support

Lehto & Oinas-Kukkonen

facilitate interaction between the user and the

(2015a)

system. The scale used in studies II and III

Lehto, Oinas-Kukkonen, &

measures the level of encouragement, rewards

Drozd (2012)

and feedback.
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Instrument

Description

Source

Perceived credibility

The scale measures several related concepts

Lehto, Oinas-Kukkonen, &

(CRED)

such as trust, believability and reliability, which

Drozd (2012)

all contribute to overall perceptions of system

Lehto & Oinas-Kukkonen

credibility. Studies II and III used a slightly

(2015b)

different set of measurement items compared to

Lehto, Oinas-Kukkonen,

studies IV and V.

Pätiälä, et al. (2012)

The scale used in Study II measures social

Hamari & Koivisto (2013)

Social influence (SOC)

influence as the overall acceptance of a system
by those around the actual system user.
Unobtrusiveness

Unobtrusiveness measures how well the system Lehto, Oinas-Kukkonen, &

(UNOB)

fits into its use context and whether the user

Drozd (2012)

perceives its obtrusiveness. The scale was used
in Study II.
Attitude (ATT)

Scale to measure general attitudes and

Hamari & Koivisto (2013)

satisfaction with the system was used in Study II.
Grant, Franklin, & Langford

Need for reflection

Need for reflection measures the level of

(NEEDSR)

motivation to conduct self-reflective thinking. The (2002)
scale was used in Study II.

Insight (INSI)

The scale used in Study II measures how well a

Grant et al. (2002)

person understands one’s thoughts, feelings and
behaviours.
Design aesthetics (DEA) Design aesthetics addresses visual experience,
the attractiveness of the visuals on the screen

Lehto, Oinas-Kukkonen, &
Drozd (2012)

and the general appearance of the service.
Authority

Measures susceptibility to authority strategy

Kaptein et al. (2009)

defined by Cialdini (2001), used in Study III.
Commitment

Measures susceptibility to commitment strategy

Kaptein et al. (2009)

defined by Cialdini (2001), used in Study III.
Consensus/Social proof

Measures susceptibility to consensus strategy, or Kaptein et al. (2009)
social proof, defined by Cialdini (2001), used in
Study III.
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Instrument

Description

Liking

Measures susceptibility to liking strategy defined Kaptein et al. (2009)

Source

by Cialdini (2001), used in Study III.
Reciprocation

Measures susceptibility to reciprocation strategy Kaptein et al. (2009)
defined by Cialdini (2001), used in Study III.

Scarcity

Measures susceptibility to scarcity strategy

Kaptein et al. (2009)

defined by Cialdini (2001), used in Study III.
Self-monitoring

Measure that is a slightly modified version of

Lehto, Oinas-Kukkonen, &

previous primary task support scales developed

Drozd (2012)

by Lehto and colleagues. It targets only the self-

Lehto & Oinas-Kukkonen

monitoring principle of the primary task category. (2015a)
Lehto, Oinas-Kukkonen,
Pätiälä, et al. (2012)
Feedback

Measure that is a modified version of dialogue

Lehto, Oinas-Kukkonen,

support category scales developed by Lehto and Pätiälä, et al. (2012)
colleagues. It targets only feedback

Lehto, Oinas-Kukkonen, &

characteristics, as one type of the dialogue

Drozd (2012)

support category features. The scale was used in Lehto & Oinas-Kukkonen
Studied IV and V.

(2015a)

Perceived

Scale measures individual’s favourable attitudes Lehto, Oinas-Kukkonen, &

persuasiveness (PEPE)

and impressions towards a system. It was used

Drozd (2012)

in Study IV.
Need for cognition (NFC) The scale initially developed by Petty and

Chiesi, Morsanyi, Donati, &

Cacioppo (1982) measures individuals’ tendency Primi (2018)
and motivation to engage in extensive thinking
and enjoy effortful cognitive activities. The scale
used in Study IV is a shortened version of the
original version.
Outcome focus

Scale measures if the goal is outcome focused.

Hamari, Hassan, & Dias

Process focus

Scale measures if the goal is process focused.

Hamari, Hassan, & Dias

(2018)
(2018)
Freund, Hennecke, &
Riediger (2010)
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Instrument

Description

Goal specificity

Scale measures the level of specificity of a goal. Hamari, Hassan, & Dias

Exerciser self-schema

Source

Scale was slightly modified from the original

(2018)

source and used in Study V.

Locke & Latham (2002)

Scale was used to classify respondents into four Kendzierski (1988)
categories according to Kendzierski (1988).

3.2

Data analysis methods

Structural equation modelling (SEM) is a widespread technique among IS research.
This is mainly due to its ability to simultaneously test and estimate causal
relationships among multiple constructs, often referred to as the second-generation
technique (Fornell, 1987). In addition, SEM is highly applicable to latent variables
that cannot be measured directly but must be constructed using variables, as
described in the previous subsection (Urbach & Ahlemann, 2010). These
advantages allow researchers to assess latent variables at the observational level,
often called the outer or measurement model, and relationships between those
variables on the theoretical level (inner or structural model; Hair, Sarstedt, Ringle,
& Mena, 2012). Both models are assessed in SEM approaches (Urbach &
Ahlemann, 2010).
There are two main approaches to SEM: covariance-based (CB─SEM) and
component-based, utilising partial least squares (PLS). In principle, CB─SEM is
for testing theory, and PLS─SEM, for theory development and prediction. Lately,
PLS─SEM has become more popular among several disciplines (Sarstedt, Ringle,
Henseler, & Hair, 2012). PLS─SEM aims to maximise the explained variance of
dependent constructs and evaluates the data quality via the measurement model.
The main arguments for choosing PLS─SEM over CB─SEM are its suitability for
smaller sample size, non-normally distributed data and high-complexity models,
which use ordinal responses as measurement items (Hair et al., 2017) – all relevant
to the studies of this thesis. Some of these arguments, however, have been
questioned but also assessed in a proper manner (Goodhue, Lewis, & Thompson,
2012; Ringle et al., 2012).
Study II used basic modelling analysis but extended it by also analysing some
subgroups within the population. The analysis was exploratory and not considered
a standard way of analysing heterogeneity. However, it shows where the differences
in subgroups are located. That is, it also identifies more minor differences in paths.
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Compared to a statistically more coherent form of unobserved heterogeneity
analysis, based on the author’s experimentation, it is more sensitive and, most
probably, more prone to the overestimation of relevance.
Study II employed, in addition to basic PLS─SEM analysis and subgroup
analysis, moderation with continuous variables (social influence strategies). This
analysis produced measures for plotting the type of interaction between two
variables as simple slopes. In addition, Study IV studied interactions using NfC as
a continuous moderator. Study V used mediation analysis by utilising the indirect
path statistics provided by the SmartPLS software. All these methods are
explorative and used to find actionable insights for design considerations.
3.3

Research ethics

This thesis presents two sets of data collected by the author using university mailing
lists at the university setting, following the ethical guidelines from the Finnish
Advisory Board of Research Integrity. The survey invitation informed the users of
the nature of the survey and provided respondents with the contact information of
the person handling the data (author) and the supervisor of the work. As the studies
were conducted in a university setting, all the respondents were adults.
Although the invitations to respond were targeted to those who monitored their
physical activity, the survey items did not ask for any health-related information
but only details of system use and psychological measures. In terms of sociodemographic background data, only data points deemed relevant for the research
subject were asked. In both surveys, an email address was requested to participate
in a raffle for gift cards. Identity information was not saved with actual research
data, and after the raffles, identity data was deleted.
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4

Research contributions

This section presents the core findings from studies I─V. The order of the studies
is chronological, as it follows the actual sequence of both data collection and
analysis, and it is intentional in terms of the development of contributions. The first
study presents a workshop paper that aimed to pragmatise the persuasion context
in terms of measurable factors, and those factors have to some extent been studied
in the following empirical studies II─V.
At first, this section describes the five studies one by one and answers the
research questions of each study. Then, findings are summarised to respond to the
overarching research question of the thesis.
4.1

Analysing the persuasion context

The context in IS research usually deals with the cross-level effects of moderation
and mediation (Addas, 2010). The essence of understanding the contextual factors
present in the use of a system is evaluating if the finding can be generalised into
another situation, that is are they contextually independent or contextually
dependent? Context can also be incorporated into theoretical work, as exemplified
by Hong et al. (W. Hong et al., 2014) by using the technology acceptance model
(TAM), which is technology-centric and does not capture individual and contextual
characteristics as such. Therefore, studying the context of system use enables the
identification of relevant individual and contextual factors, which can further be
analysed by, for instance testing their relevance as antecedents of core constructs
of a theory (W. Hong et al., 2014). Engineering-oriented fields focus on the
modelling and utilisation of context information to control the system’s behaviour
and usage. Context-aware systems are characterised as technologies that can
acquire and utilise information from their immediate context and use the
information as a source of improved system functions or service features (J. yi
Hong et al., 2009). Typically, the information used in such systems is relatively
easily obtained and objective, whereas subjectively perceived factors often relevant
for user experience are not considered. Hence, they cannot be easily measured
(Chalmers, 2004). Typically, information used in such systems is relatively easily
obtained and objective, whereas subjectively perceived factors often relevant for
the UX are not considered and, thus, cannot be easily measured (Greenberg, 2001).
For designers of systems that aim to change behaviours, it is essential to
understand which factors of the usage context influence users' experiences.
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Although the actual change happens outside the system and context can never be
fully controlled, leaving the heterogeneity of the sample unexamined means that
the system and its effectiveness is evaluated superficially. Context can be seen as
the source of factors that will affect whether the designed system or service will
reach its full potential. User research that (should) precede the concept and design
phases of the system is all about understanding which factors need to be either
controlled in the design or accepted as potential determinants of success. In
designing behaviour change support systems (BCSSs), a system designed to form,
alter or reinforce attitudes, behaviours or compliance (Oinas-Kukkonen, 2013), this
work is even more crucial: The goal is not to merely use the system but also to
change the elements of the context. Therefore, contextual factors might also be
intervention targets, that is targets of behavioural change, and a successful BCSS
is the outcome of understanding the behaviours in the actual usage context.
The first study of the thesis aimed to combine research from related fields and
extend persuasion event definitions of the PSD model into more concrete examples
of factors relevant for BCSSs. The underlying idea was that some contextual factors
might facilitate behaviour change, and those powers could be utilised instead of
trying to overcome their effects. The first paper used the lens of context modelling
to seek facilitator candidates. The paper concentrates on the event part of
persuasion context analysis. The event comprises the use, user and technological
contexts. According to original PSD model descriptions, the use context is focused
on problem domain-dependent features, user contexts analyse user-dependent
features such as goals and motivations and the technology context deals with
technical details related to the actual implementation of the system.
However, the extended persuasion event presented in Study I takes another
approach and divides the context analysis into three categories: situational, more
enduring user characteristics and technological factors. The extended model is not
theory-based but influenced by papers by Lee and colleagues (2005) and JumiskoPyykkö and Vainio (2010). Both papers focus on use context, that is they mainly
leave the characteristics of the system user outside of the context and mainly focus
on situational elements, following the context-awareness research stream. Lee et al.
(2005) developed their conceptual framework based on a definition of use context
that refers to ‘the full set of personal and environmental factors that may influence
a person when he or she is using a mobile Internet service’ (H. Kim et al., 2002).
The definition highlights the system user's perspective and divides the factors of
interest into two: personal and environmental. Similar to our approach, they aimed
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to address contextual factors likely to influence a user's behaviour in mobile
internet usage sessions.
We sought factors that could facilitate or complicate behavioural changes the
user wishes to reach. To generate a structure for the analysis of the persuasion
context, we used the division of situational and long-lasting, not so easily
modifiable characteristics. In the extended persuasion context analysis, use context
is like context-aware system models in that it aims to collect factors that are highly
context-sensitive and may change frequently. The factors may be related to the
environment or users, themselves. User context refers to characteristics of the
system user only, and it collects traits and tendencies that have a somewhat longer
timespan. The technology context category stays loyal to the original PSD model
description and is dedicated to predominantly the system or service level, technical
elements of the developed system. The model gives examples of elements that
might be useful when deciding which factors are relevant when designing and
evaluating the system's effectiveness.
The current understanding on interactions and priorities between situational
and dispositional factors in any situation seems to be that both have their share and
strong, extreme situations produce less behavioural variance and persons with
strong personality traits are less susceptible to situational differences (Blum et al.,
2018). For example, a recent study on Dark Triad traits and Big Five personality
dimensions reported that personality traits affected how individuals perceived
situations, but the results could also mean that modern personality traits can be
biased perceptions altogether (Jonason & Sherman, 2020). In addition to
challenging priorities between factors in any given moment, many factors have
both long-term, across-situation effects and situational, event and task-specific
effects, like those demonstrated in a study that reported a connection between a
visual experience (cognitive load and attention) and personality profile (AlSamarraie et al., 2018; Sarsam & Al-Samarraie, 2018). That exemplifies how
personality traits can manifest in a broad sense, impacting which type of services,
systems or system features that individuals prefer and how their physiological and
neurological characteristics like attention in a task follow a similar path.
The extended event model gives designers and developers of BCSS an
illustration of what type of factors might be useful to analyse during the concept
and design work. For example, the core of understanding the persuasion context is
to realise whether the targeted individuals benefit from the tailoring of application
logic, alternative paths, tailored or personalised content or if the system/service
should proactively implement certain functions to enable successful system use
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regardless of specific dimensions of the trait. The analysis might also indicate that
the target users have specific characteristics that make some approaches unlikely
to succeed.
4.2

Relationship between persuasive design and need for
reflection

The essential role of self-monitoring using PI tools is to collect data. Based on the
numbers and visualisations the systems present, individuals are expected to draw
personal insights about their behaviours. The in-built assumption is that users of
these systems will use and interpret data and steer future behaviours. By definition
(Li et al., 2010, p.558), PI tools have two core aspects, collection and reflection.
Therefore, overall success should not be defined by extensive and accurate data
collection capabilities. Instead, their actual value is realised when the collected data
is used. Depending on the situation, data can be used via glances that aid to guide
the current actions (reflection in action) or as a more comprehensive source of
information to ponder previous actions with more extensive elaboration (reflection
on action;(Ploderer et al., 2014).
The HCI community has contributed to the basic theoretical studies related to
these systems and a more thorough understanding of reflective thinking, itself. For
example, Fleck and Fitzpatrick (2010) synthesised the vast literature of reflection,
mainly originating from educational studies, and assembled descriptions of five
reflection levels. Baumer et al. (Baumer et al., 2014) reviewed research focused on
systems designed to support reflection and concluded that reflection was often
defined as ‘... something that would happen by providing the user with some type
of information...’ and generally considered beneficial. However, research provides
few suggestions on measuring if reflective thinking happens and how to evaluate
its actual value for the users. This question is highly relevant for systems of
behaviour change.
Study II evaluated existing measurement items for addressing the individual
tendency for self-reflection. Additionally, based on the literature on personal
informatics, reflection was considered essential for successfully using those
systems and behaviour change. Therefore, the hypothesis was that to be efficient,
persuasive features of those systems should positively affect individuals' need for
reflection. That means systems that users consider useful and provide relevant
information increase the users' willingness to use and reflect on information. The
study also wanted to understand if the tendency for reflection was high among
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regular users of self-monitoring tools. The sample was collected from existing users
with some experience from tracking and in a university setting for convenience. As
a difference to previous work using PSD model-derived measurement items
developed by Lehto and Oinas-Kukkonen, this paper presents an approach that
surveyed users of several mobile apps and web services in the same sample.
Our research question for this paper asked: Do system features of the PSD
model have an influence on users’ need for self-reflective practices? This question
was addressed with SEM using a model based on previously validated relationships
between PSD model constructs. In addition to reflection-related constructs, the
model was supplemented with social influence and attitude constructs. The former
was expected to influence system evaluations and system features favourably,
influencing the overall attitude towards system use. Reflection constructs, namely
the need for reflection and insights, were expected to be influenced by PSD model
constructs and attitude.
Results indicated that previous results of PSD model features could be
replicated using mobile applications and several systems simultaneously. Findings
also support the hypotheses that dialogue support and primary task support
positively contribute to the need for reflection. That implies that dialogue support
implementations of encouragement, rewards, feedback and reminders can induce
reflective thinking. Insight was at best explained for daily users that represent
activity tracker-type systems. However, the influence of dialogue support on the
need for reflection disappears in most subgroups and is stronger for women.
Similarly, dialogue support’s contribution to perceived credibility was significant
only for women. The highest total effect of the model was detected between
unobtrusiveness and attitude.
As a post-hoc analysis for this thesis’s summary, the data were divided into two
groups based on responses to NfR, using a visual binning function of SPSS
software. The model was analysed using these two groups with the same parameters
as the original analysis for Study II. Figure 3 presents the results of this analysis
and shows that the model fits slightly better with the data from low-NfR individuals.
The most striking finding is that for high NfR individuals, the variance in the NfR
construct cannot be explained by the model as the R2 value is insignificant.
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Fig. 4. Post-hoc analysis for low and high NfR subgroups. The upper value is for low
and the lower for high NfR subgroups.

4.3

Susceptibility to social influence strategies

Robert E. Cialdini’s (2001) six principles of influence ─ reciprocation,
commitment and consistency, social proof (consensus), liking, authority and
scarcity ─ describe a set of traits that are considered relatively stable (Kaptein &
Eckles, 2012). Many are frequently used in online shops to steer customers to make
decisions, sometimes with accelerated speed, by presenting information that
communicates that the item might be sold out soon. This example of the scarcity
principle highlights that these principles often are used to persuade a decision to
comply with the request or offer. Kaptein has suggested that targeting users based
on their susceptibility towards these principles does increase their compliance
towards persuasive attempts, that is users can indeed be persuaded to comply with
such requests. However, using them extensively and without prior knowledge of
the susceptibility (i.e. blindly) can evoke scepticism and a lack of trust of the
persuader. However, their strength is that they can also increase message
elaboration when the user is about to neglect the information presented. Because
the principles are means, not ends, the user can be persuaded only to take a good
look at the information suggested and not to make actual decisions right away.
Therefore, some of the ethical difficulties of persuasion could be mitigated by not
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persuading to comply with the requested action but only to consume the
information. Although many of the behaviour change theories, especially in social
psychology, assume that people do not lack information but the ability to act, the
information might be actionable in some form.
Study III used the same basic data set as Study II, but it formed the research
questions around susceptibility scores and PSD model category construct design
aesthetics, both also presented in the questionnaire. Design aesthetics measures the
general appearance of a system or service in terms of visual attractiveness and
simplicity. Following the suggestion of Fogg (2003) and the corresponding liking
principle of the PSD model stating that attractive systems are more persuasive,
design aesthetics was added to the model to evaluate its relationship with social
influence strategies. Additionally, ELM states that source factors such as physical
attractiveness are considered, among other available information, to evaluate the
merits of the arguments also presented when elaboration is high, meaning that they
do not serve as simple cues but as information about the source (Petty & Cacioppo,
1986a, p. 205). Therefore, we hypothesise that design aesthetics could measure
attractiveness characteristics, although the effect might not be like the liking
principle.
Our first research question explores to what extent do persuasion strategies
influence persuasive design features? All the five paths of the research model were
significantly moderated by at least one persuasion strategy. The moderation effect
was usually negative, which means that the relationship between persuasive
features is weakened when the susceptibility trait increases. Considering that the
study surveyed users of several systems, which likely adds heterogeneity to
responses, significant moderators indicate the effects are robust. Although
reciprocation showed an interesting trend as highly relevant for system evaluations,
it did not moderate any paths, being the only strategy, which was not a significant
moderator.
The second research question asks: Which strategies and software features are
the most promising for leveraging the persuasiveness of systems? In general, the
susceptibility to social influence strategies also results in high scores for persuasive
system features. Additionally, there was a positive correlation between all measured
persuasive features with reciprocation and commitment strategies. That implies that
systems designed for behaviour change, especially those with self-monitoring
functions geared towards self-regulation, are somehow compatible with
commitment and reciprocation strategies. Susceptibility to these two strategies also
presents the most typical susceptibility type, suggesting that designing to utilise
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these two strategies is most likely to trigger attention. However, reciprocation did
not moderate any model paths, which might be due to individuals not forming
reciprocal interactions with computers after all (Mahmoodi et al., 2018).
Alternatively, reciprocation is thoroughly embedded in these systems, and it
already affects the system selection and adoption phases not present in the data of
this study. This explanation follows social response theory (Nass et al., 1995).
High scores with design aesthetics correlate positively with several
susceptibility scores for men. Although this relationship is not new as such (Oyibo
& Vassileva, 2017; Robins & Holmes, 2008), gender differences are not always
analysed (Seckler et al., 2015). However, studies have reported that women make
more errors with an unappealing prototype (Sonderegger & Sauer, 2010) and are
more sensitive to aesthetics and design (Khakurel et al., 2019). Men might prefer
dark colours (Fortmann-Roe, 2013), but there are no gender effects in colour
temperature (Coursaris et al., 2007). The dominance of male aesthetics could
explain our results (Moss et al., 2007). Furthermore, in terms of relationships
between susceptibility scores and persuasive features, authority strengthens the
relationship between aesthetics and credibility.
For this thesis summary, a post-hoc analysis was conducted using subgroups
for low and high susceptibility to all six strategies. In terms of supported hypotheses,
the results are presented in Table 4. The relationship between dialogue support and
primary task support was most stable, and only once was it not supported by data.
All the hypotheses are statistically significant for the full sample, that is when both
low- and high-susceptibility individuals are treated the same.
Table 3. Post-hoc analysis to explore the low- vs. high-susceptibility groups for six
social influence principles. DIAL= Dialogue support; PRIM= Primary task support;
CRED= Perceived credibility; DEA= Design aesthetics.
Susceptibility

DIAL-PRIM

DIAL-CRED

DEA-DIAL

DEA-CRED

CRED-PRIM

Low

0.472*

0.476***

0.480**

0.213 n.s.

0.139 n.s.

High

0.462***

0.184*

0.147 n.s.

0.435***

0.367***

Low

0.453***

0.310**

0.303*

0.249*

0.290**

High

0.419*

0.190*

0.303**

0.560***

0.185 n.s.

Low

0.585***

0.358**

0.384**

0.124 n.s.

0.238*

High

0.275 n.s.

0.240 n.s.

0.298*

0.520***

0.364**

Reciprocation

Scarcity

Authority

Commitment
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Susceptibility

DIAL-PRIM

DIAL-CRED

DEA-DIAL

DEA-CRED

Low

0.417**

0.181 n.s.

0.378**

0.379***

CRED-PRIM
0.322**

High

0.515***

0.400**

0.130 n.s.

0.245 n.s.

0.192 n.s.

Low

0.514***

0.166 n.s.

0.481***

0.393***

0.326***

High

0.356*

0.405***

0.155 n.s.

0.319**

0.252 n.s.

Low

0.406**

0.319*

0.460***

0.272*

0.311*

High

0.486***

0.289**

0.128 n.s.

0.379***

0.254*

Consensus

Liking

4.4

Relevance of NfC for self-monitoring system design

Tailoring, referring to actions targeting and personalising a group, is probably the
most studied type of personalisation and frequently used persuasive strategy
(Kelders et al., 2012). Usually, tailoring is used as a technique to improve the fit
between user and system when differences in target group are identified or
otherwise known to exist. Tailoring might target any parts of the system, but most
often, verbal contents of the messages and visual communication are tailored to
contain more interesting information for groups of users. That means that tailoring
is focused on increasing relevance which should also improve the ability and
motivation to think consciously. As personal relevance is among the strongest
factors to induce message elaboration, the related psychological trait need for
cognition (NfC) seems potentially useful to study in the context of self-collected
information-rich systems such as self-monitoring systems. NfC has been studied
by numerous authors, but fewer have focused on digital systems, as traditional
studies have focused on printed materials such as pamphlets and phone messages
(Nikoloudakis et al., 2018). Typically, tailoring techniques in digital environments
such as web pages are implemented in many ways that are a natural outcome of
their broad applicability to many levels of software features (Martorella et al.,
2017). That makes it challenging to study and determine which types of tailoring,
implemented upon which features, user groups or trait, are usually effective. In
terms of the effectiveness and persuasiveness of NfC as a tailoring ingredient, the
results are mixed (Nikoloudakis et al., 2018).
Self-monitoring with data gathering features seems a particularly interesting
subject area to study NfC as information processing is its core functionality, but
this relationship has not been studied before. Study IV collected survey data among
university students who had used a digital system to monitor their physical activity
for at least two months. The questionnaire queried PSD model-derived
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measurement items of self-monitoring and feedback, perceived credibility and
perceived persuasiveness. NfC was measured using the shortened 10-item scale
(Chiesi et al., 2018), and the respondents were asked to evaluate their physical
activity compared to the time before using the self-monitoring system. PSD model
constructs were used to evaluate persuasive software features, and NfC was added
to the model as moderator. The effect of NfC was assessed both as three groups
(low, moderate, high) and as a continuous moderator variable. Moreover,
distributions of responses were analysed based on different subgroups, such as the
system used, gender and length of use. The hypothesis was that NfC influences
some evaluations, but the approach was more explorative than theory testing due
to the lack of studies on self-monitoring systems.
The first research question relating to NfC among self-monitoring system users
was: Does the level of NfC influence how individuals select and evaluate their
systems? The analysis indicated that respondents evaluated all studied software
features significantly differently based on their level of NfC. The higher levels of
NfC were associated with higher system evaluations, which implies that high NfC
is associated with high persuasiveness. For perceived credibility and
persuasiveness, this trend was so strong that the high-NfC group was significantly
different from both groups with lower NfC. Regardless of NfC level, perceived
credibility seems essential for the persuasiveness of these systems. However,
credibility is constituted slightly differently for different levels of NfC. For highNfC individuals, credibility is evaluated via self-monitoring and feedback features
and seems to be a continuous process validating arguments the system presents case
by case. For low-NfC individuals, strong credibility might indicate that the system
is overall a good choice and its impact is mainly targeted towards overall
persuasiveness instead of self-monitoring activity itself. These results might
indicate that source credibility is used as a peripheral processing cue (low NfC) or
as a variable whose validity is evaluated in daily activities via more effortful
processing (high NfC). However, our data do not address this question in more
detail. Another remarkable finding was that high-NfC individuals had a large effect
on the relationship between perceived persuasiveness and self-reported activity
level: High persuasiveness was connected to high self-reported activity. Such
relationships did not exist for low-NfC individuals at all. Although perceived
persuasiveness is a subjective estimation like self-reported activity, the idea that
perceived persuasiveness extends to perceived physical activity among high-NfC
individuals merits further discussion.
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In addition to evaluations of system features, there were differences in which
systems that individuals with different levels of NfC choose to use. This slightly
unexpected result responds to the second research question: Is NfC a useful trait
for tailoring among self-monitoring systems? It seems that individuals’ system
choices reflected their intrinsic motivations to engage with systems that collect data.
A lower level of NfC was more often associated with smartwatches and a higher
level with dedicated sport or fitness devices. This trend peaked between the Oura
wellness ring, a data-intensive product that monitors sleep and recovery and the
Sports Tracker mobile application that is a very basic route tracking application. If
individuals indeed make system selection choices according to their NfC level,
perhaps driven by curiosity to see what the data looks like or solve some personal
puzzles, the tailoring of systems needs to be done already in marketing
communication. Otherwise, those individuals pick another system. Tailoring the
actual contents of the communication inside the system would then become rather
useless. For example, simple systems with basic functions might not be perceived
as worth a further look for high-NfC individuals. Therefore, there is often no need
to tailor these systems for high NfC.
4.5

Goal focus and exerciser self-schema as design drivers

Commercial self-monitoring systems usually implement goal-setting and feedback
techniques (Baretta et al., 2019; Lyons et al., 2014; Mercer et al., 2016) that support
the core feature of self-monitoring. In HCI research, users’ goals are inherently part
of the design process, but it took some time before ‘beyond the instrumental’ facets
of UX (Hassenzahl & Tractinsky, 2006) for behaviour change were included in the
literature of personal informatics. In systems employing self-monitoring
functionalities, including wearable trackers, goal setting for monitored activity was
onboarded already in the first trials. For example, the UbiFit Garden system used
an ambient display to increase the awareness of reaching physical activity goals
(Consolvo et al., 2008; Consolvo, Klasnja, et al., 2009). Fish n Steps used fish
growth and facial expressions to encourage participants to reach their daily step
goals (Lin et al., 2006). However, the PI literature does not define what they mean
when they talk about goals. Often the word is used in the context of achievement
(Gulotta et al., 2016). To date, it seems that HCI has not fully embraced the actual
nature of goals. The nature of goals is usually studied in terms of their motivational
background (Vansteenkiste et al., 2006), with less interest in means and ends
categorisation, which might have slowed the improvement process of the field.
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Study V aimed to explore which type of goals users of self-monitoring systems
have in terms of goal focus. That was studied similarly to Study IV, with a sample
of current users but accompanied with additional interest to study goal
characteristics in the context of exerciser self-schema. A self-schema is a selfdefinition, like identity, formed by extensive interaction with certain problem
domains and facilitates information processing relevant for that domain. Exerciser
self-schema is a sense of self as someone who exercises and considers it important
to his/her self-image (Kendzierski, 1988). It is therefore especially interesting in
the context of self-monitoring systems for the promotion of physical activity. The
study’s setting anticipates that exercisers’ self-schemas might illuminate
characteristics of goals among those who see or do not see themselves as exercisers.
The first research question of the study was: In terms of goals and system
evaluations, do the results differ between a user with an exerciser's self-schema and
a user without? Our findings suggest that individuals with or without exercise selfschema differ significantly in all measured constructs except for outcome-focused
goals. The most prominent distinction between exercisers and unschematics was
the prevalence of process goals: Exercisers had significantly more process-focused
goals. Exerciser self-schema seems, therefore, a promising trait for the
development of these systems.
The second research question focused on system features: How do current
system features support different goal specificity and different goal foci? In terms
of theory-based system features in commercial self-monitoring systems, feedback
and self-monitoring had unexpectedly poor support for both goal foci types, and
the absence of support for process focus was especially notable. While selfmonitoring and feedback both should work on goals, they seem not to have strong
positive effects on the users' goals. That implies that monitoring features are
sometimes rather isolated from the actual targets of the user as those might not be
aligned with technical implementations. Thus, although self-monitoring and
feedback functionalities seem to implement theory-based functionalities,
commercial systems cannot always coherently bridge the features. Goal specificity
mediated the effects of feedback as expected based on extensive previous research
in goal-setting and further supports the notion that goals need to be contextual and
specific, not abstract aims.
In terms of the use of self-monitoring, being an exerciser means having more
process-focused goals that have been defined or learned via routinisation at the
specific level. Designing to adopt process-focused goals might be the general
direction new designs of self-monitoring systems should take. However, this does
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not indicate that outcome goals are irrelevant but that the general direction of
outcome goals should be paved with specific, smaller steps that implement the
future goal.
4.6

Major findings

In this section, the findings of individual studies are summarised to respond the
research questions of this thesis:
How do psychological factors of user context influence self-tracking systems’
selection, evaluation and perceived persuasiveness?
4.6.1 System selection effects
The research question of the thesis pondered if the traits included in the studies
impact the system’s evaluations and self-selection. There were no differences
between systems in the first two empirical studies regarding the need to reflect or
insights. Categorising the systems based on whether they are used daily or weekly
did not yield statistically significant results, either. That might be because the
variety of systems was wider due to slightly more flexible targeting in the survey
invitation. Similarly, the susceptibility scores and their internal order of strength
were similar to previous studies that used varied target populations. Therefore, one
can conclude that in 2015, the analysis did not identify factors affecting the system
choices.
In the second data set (studies IV and V), there was a significant distinction in
terms of NfC and system selection. NfC has been a focus of numerous studies for
decades, and this finding indicates its practical relevance for system design.
However, the selection phase takes place well before the system is used, making
many tailoring approaches less feasible.
In terms of exerciser self-schema, the data revealed most users qualified as
schematic exercisers, and this finding might indicate that those with previous or
current experience with exercise and physical activity might be more inclined to
use these devices. However, that cannot be confirmed with the data because there
are no data from the general population to compare. In summary, only NfC seemed
to impact system selection among the traits studied in this thesis.
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4.6.2 System evaluations
Most of the work in this thesis has focused on evaluations of system features. All
four studied traits had a significant impact on system evaluations. Studies II and III
did not use subgroup analysis for trait levels in peer-reviewed papers, but the
explorations done for this thesis indicate that the research model is better supported
by data from individuals with a low need for reflection.
For susceptibility, the trends in system evaluations were less straightforward.
That was expected because, regardless of being commonly referred to as a group
of six principles, Cialdini’s strategies are not based on the same psychological
processes but are different phenomena. Reciprocation was the only strategy better
supported for those with high susceptibility. That might imply that reciprocation,
typically referred to in the context of systems as social actors (e.g. Hancı, Ruijten,
Lacroix, Kersten-van Dijk, & IJsselsteijn, 2019), is relevant to interaction with the
system. The susceptibility to reciprocation showed statistically significant
differences in subjective evaluations of dialogue, primary task support and
perceived credibility, and in all these cases, the higher the susceptibility, the higher
the feature evaluation. The case is the opposite for commitment: Individuals who
report high susceptibility to commitment report less support for a persuasive
design-based research model. How does this fit the idea that self-tracking devices
can be considered a kind of commitment device? Presumably, individuals put
money into purchasing a device to motivate themselves to be more active (Bryan
et al., 2010). Would the findings imply that those with low susceptibility to
commitment are aware of their difficulties staying committed and consistent with
their good intentions, and they seek help and motivation from the device?
Furthermore, those with high susceptibility do not need the device for behavioural
change or motivation but only to keep track of progress. Perhaps this is true;
however, our data do not provide an answer to either suggestion. The data only
support the idea that the susceptibility to commitment results in statistically
significant differences in how individuals evaluate their system’s aesthetics,
credibility and primary task support functions, making it relevant for future studies.
Although the findings were preliminary and effect sizes small, the study
identified a trend that the susceptibility to a strategy usually slightly weakens the
positive association between persuasive features. However, there was one path that
was strengthened by the authority principle. The path tested the effect of design
aesthetics on perceived credibility, and this moderating effect might suggest that
aesthetics is a kind of heuristic that communicates expertise. Although the expertise,
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in this case, is being professional in developing digital systems and not being a
medical expert, good-quality, aesthetically pleasing visuals are a cue that
strengthens credibility. At this point, it might be relevant to remember that design
aesthetics correlated positively with authority only among men. There are many
possible explanations for that, including men being more confident to give high
credit for technical implementation and women having higher standards for
excellent aesthetic experience. In both cases, the halo effect might be responsible
for shedding favourable light on system qualities. It seems that the positive effect
of authority on one path is explainable with theory, but the weakening influence in
other paths and other strategies is more complicated. Instead of identifying
explanations for each strategy and path, it might be more feasible to stay at a more
conceptual level, as the study was exploratory and the quality of effects was low.
One strategy perhaps present in system evaluations, though the study did not
capture it, is liking. In the PSD model, the liking principle is defined to carry the
effects of visual attractivity. The liking strategy is somewhat larger in Cialdini’s
strategies in terms of possible theoretical explanations. In addition to visual
attractiveness, liking covers the similarity and praise principles of PSD, as people
like individuals who are like us, including having similar names, and those who
give us compliments. Cialdini’s strategies also are, by definition, rooted in social
interactions, which are utilised in the social role principle of the PSD model. Liking
seems to cover, therefore, half of dialogue support’s principles in terms of
theoretical explanations, but Study III failed to identify any prominent insights
related to liking strategy. However, liking correlates positively with all other
strategies, which might indicate that what we like, for one reason or other, is allembracing phenomena and embedded in all evaluations. That might mean that
liking is so pervasive in persuasion that our model cannot identify its effect, as it is
in all features and formed during extended interaction with the system (RoskosEwoldsen & Fazio, 1992). Could this same explanation apply to other strategies?
The second data studied two traits considered cognitive structures or targeting
cognitive processes, i.e., information processing. The first (Study IV) was the need
for cognition (NfC). The tendency to use central processing and engage in effortful
cognitive activities is measured by the NfC. The key premise of NfC in the context
of self-tracking systems is that individuals high in this trait are interested in using
data in elaborative and problem-solving ways as they are intrinsically motivated to
seek information. Indeed, those with higher NfC levels rated persuasive features
significantly higher than those at the lower end of NfC, but the model could explain
the smallest variance in perceived persuasiveness for high-NfC individuals. That
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means that they give high scores, but the model is not predictive for high-NfC
individuals. Does this indicate that high NfCs reduce persuadability and that those
individuals interact with the system differently? Cross-sectional self-reported data
cannot answer that question, but it tells that this trait changes how people perceive
the system. That adds a small piece to the puzzle suggesting that persuasion might
indeed be peripheral and those who tend to use the central route are not as prone to
such attempts.
Study V used a trait that is considered an identity construct. Exerciser selfschema is a cognitive structure formed via experience and exposure to the domain,
in this case, exercise. The fluency of information processing in the schema domain
is expected to be experienced as enhanced persuasiveness, and indeed, the study
resulted in significantly higher evaluations of all system features for those with
exerciser self-schema. The PSD model part of the research model was supported
for exercisers, and one path was missing from those without the schema. The
exerciser self-schema seems to be a relevant trait for future systems, as it models
well the basic relationships between persuasive features.
4.6.3 Influences on systems’ persuasiveness
The core assumption behind Study II was that persuasive and reflective systems are
somewhat opposite approaches to behaviour change. Reflective designs are more
passive and leave room for users to explore and find insights via free-flowing
thinking. Conversely, persuasion guides the user and sometimes restricts the
outcome targets, as those are defined by a system's designers (Brynjarsdóttir et al.,
2012). However, the need for conscious processing was considered highly
important for change, and the study aimed to understand if users could be persuaded
to reflect. The study reported a positive influence of both dialogue and primary task
support on the need to reflect, which implied that these three have a positive linear
relationship.
When high- and low-NfR groups were used to model PSD model constructs of
studies II and III (unpublished data, presented in Section 4.2), slightly more
hypotheses were supported for low NfR than for high NfR. Thus, it seems that the
high reflection tendency does not align well with the persuasive design model.
Indeed, the model cannot explain perceived credibility for those with high NfR, but
over half is explainable for low reflectors. Similarly, the model does not explain the
need for reflection for high NfRs, indicating no associations between system
features and the construct. The case of NfR is not so surprising, as many subgroups
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resulted in an insignificant amount of explained variance (Study II, Figure 11).
However, high reflectors are the only identified subgroup that reaches an
insignificant, low amount of explained variance in terms of perceived credibility.
As that construct is strongly supported in numerous studies using PSD modelderived constructs, this is an interesting finding.
Following the concept that conscious thinking is essential for behaviour change,
the assumption guiding Study III pondered if strategies that are so strong that they
are sometimes called weapons of influence can persuade users to pay more
elaborate attention to the system. The underlying theoretical underpinning is the
multiple roles postulate of ELM, which states that any cue of social influence
strategy, for example an indication of restricted availability, might turn out to be a
trigger for peripheral or central processing, or it might bias processing in some
other way. As the experimental setting would be better for understanding if this
hypothesis would work in systems with behaviour change targets, Study III aimed
only to explore if susceptibility affects evaluations of persuasive features.
Unfortunately, the sample size was too low to conduct subgroup analysis for the
research model, but for this thesis’s summary, an explorative analysis with two
subgroups, the low and high level of each principle, was run (unpublished results;
see Section 4.3).
The results implied that the research model was better supported by subjects
with low susceptibility for scarcity, authority, commitment, consensus and liking,
but reciprocation was an exception in this trend. Otherwise, it was difficult to
identify consistent trends, and as the analysis is highly exploratory, perhaps this is
acceptable. However, the analysis does imply that average ratings with a full
sample are not very representative of the sample.
The finding was present in all this thesis’s research models that there is a
positive correlation between PSD model constructs and susceptibility scores, but
the path model is not supported for those with high scores. It is challenging to
identify theoretical explanations for this. Perhaps because the constructs are rather
general, that is, targeting features as high-level functions and including several
principles in one construct, the evaluations do not yet differentiate individuals.
However, the associations between those evaluations can identify the variability in
the sample. In terms of persuasion, the data should support the research model if
persuasive relationships are present in the systems. Otherwise, the model does not
measure the system's persuasiveness correctly. The question one needs to ask is:
What does the research model with PSD-derived constructs measure?
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5

Discussion

This section aims to contemplate how the findings compare to previous research
and contribute to existing knowledge in the field. The section also discusses the
validity of the results against the limitations of the research approach and data.
Future research aims to pave the road towards the next steps, particularly in the
intersection of state-of-the-art implementations of commercial systems, evidencebacked scientific knowledge of behavioural sciences and the subjective nature of
behaviour-changing UX.
5.1

Theoretical implications

5.1.1 PSD model as a framework of persuasive systems
The work presented in this thesis reports high evaluative scores for PSD model
constructs in both data sets. However, all measures are non-normally distributed
and skewed to the right. As no data are available from any other study regarding
the mean values of model constructs, it is not easy to estimate whether this is a
characteristic of constructs themselves or representative evaluations of selftracking systems or BCSS users only. Indeed, no studies have used the framework
for any type of system other than those with behaviour change intentions, although
persuasiveness can also be implemented in systems with other goals, for example
those typical for online shops. The self-selection of the systems also generated an
additional angle for the generalisability of the findings. Based on the samples used
in this thesis, combining several systems with similar overall goals (i.e. measuring
or monitoring physical activity), the field of behaviour change technologies is
relatively mature or exploits mainly similar methodologies. This conclusion was
based on the result that the fundamental relationships between PSD model
constructs were confirmed with data collected from several physical activity
support systems compared to previous studies by Lehto et al. that addressed one
system at a time. Moreover, the studies mentioned above typically evaluated web
pages instead of mobile applications. Therefore, the model constructs seem to
identify persuasive features in a wide range of systems.
However, there are some concerns about how measures have been constructed.
Most previous research, including the first two studies of this thesis, measures
several PSD model principles with a single construct, making it likely that some
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reach valid responses. The effect of this multi-principle approach is challenging to
estimate without future studies, but one indication of possible shortcomings of this
approach might be that the principle-level feedback construct in Study IV had only
small effects on the perceived persuasiveness of the system. One possible
hypothesis is that category-level constructs measure the presence of general
persuasiveness in the system, and when the constructs are specified as principles,
they measure psychological processes such as self-monitoring and feedback and
not general persuasiveness anymore. If this hypothesis is true, what is the nature of
the general persuasiveness of the system? Is it the prevalence of persuasive features?
Positive attitude towards the system? Does the prevalence of persuasive features
make a system persuasive?
Some principles of the PSD model are actual BCTs, such as self-monitoring.
However, other principles, such as personalisation, are not independent features but
more like specific cases of BCT or another principle, such as the suggestion that
one cannot implement personalisation without a ‘carrier feature’. Considering the
self-reported evaluations of systems, the most accurate and theoretically rigorous
way to evaluate system functionalities and their interactions is by constructing
measures to match only one principle based on its theoretical foundation, for
example reinforcement functions. That also helps to interpret the findings and draw
implications. Furthermore, this approach reveals if the system implements the
intended technique: If users report low perceptions of those techniques and there
are no positive relationships between the expected measures, perhaps the technique
is not implemented correctly. That approach can be tested by surveying the key
elements of the technique in question without adding other primary task support
principles to the measurement. This thesis took this approach in the second data
collection and fine tuned the dialogue support category measure as a feedback
measure to supplement self-monitoring. However, feedback is not explicitly a
principle of the category but has been present in several constructs derived from
the dialogue support category (cf. Lehto & Oinas-Kukkonen, 2015b; Shevchuk,
Oinas-Kukkonen, & Benson, 2019). Previous research has also formed a dialogue
support measure based solely on feedback, like studies IV and V (Lehto, OinasKukkonen, Pätiälä, et al., 2012). Interestingly, there was no effect of feedback on
perceived persuasiveness among men in Lehto, Oinas-Kukkonen, Pätiälä et al.
(2012), which is similar to our results in Study IV. That supports the idea that the
category level detects general positive tendencies in the system's functions, and the
principle level is not persuasive. These speculations are not valid arguments to
confirm that category-level measures are too general to detect meaningful system
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features, but operationalising constructs on the conceptual category level does not
seem to give very actionable guidance for the design.
Based on mean values, men evaluated their systems as almost always lower
than women. This thesis reports eight PSD model constructs altogether, and all
except one received higher evaluations from females. Although it is easy to analyse
and report differences between user groups in quantitative studies, one finds hardly
any studies in IS or HCI that would report even basic gender distinctions when
survey data were collected. As the research reported in this thesis consists of only
two data sets, one cannot form conclusions that are too solid regarding this
phenomenon in general. However, it seems plausible that for some reason, women
are more generous in their responses, and this also happens in terms of constructs
other than the PSD model measured in the studies.
5.1.2 Self-evaluations of behaviour change
One target of this thesis’s work has been to understand issues prominent in industry
contexts, namely the subjective nature of user and customer experiences, and to
highlight their role in the active selection and perception processes of intervention
target users, often considered passive recipients of the treatment. Indeed, to
persuade system users to change their behaviours, system designers should also
persuade users to become users. That is a well-established factor in commercial
systems, but less so in scientific and health care settings where the participants can
be selected, incentivised and, due to the close connection to health care services, to
some extent also obliged to keep using the systems. Similarly, in the health care
domain, more focus has been placed on tailoring one system to everyone.
The samples of this thesis work were narrow slices of the general population
and aimed to exemplify the successful use of self-tracking devices and apps.
Successful use, in this case, refers to staying as users of the system for several
months, which represents the post-adoption phase. However, some respondents had
used their systems for a long time; in the second dataset, around 42% reported using
self-tracking for over two years. That confirms that the sample cannot be
generalised to the general population but to those who seem to enjoy or benefit
from these devices. Regardless, the findings revealed statistically significant
distinctions in system evaluations depending on psychological traits or tendencies.
Klasnja and colleagues (2011) suggested a decade ago that the technologies for
health behaviour change should focus on opening the black box of system use. They
argued that the knowledge gained from finding why a certain system worked or did
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not work is significant and that many RCTs cannot answer how the participants
perceived the system. Although this landmark paper refers mainly to early-phase
systems, the same might be true with commercial systems, which are not always
built on theoretically solid grounds. In some cases, the product developer might
know that some features are linked to more successful outcomes for certain goals,
but this knowledge is rarely published and available to the scientific community.
The complexity of systems poses another challenge in understanding how exactly
a favourable outcome has been gained, but a simple system, utilising only a very
narrow set of techniques, is rarely a successful business case. For example,
although this thesis initially focused on self-monitoring, it is evident that goals and
planning are relevant for actual change, adding many new strings to the ball.
Do perceived and subjective evaluations matter in the change process? User
and customer experience practice is based on the importance of a system’s or
service’s perceived effectiveness or likability. Nothing matters if the user will not
use the system sufficiently often and long. Commercial systems are often blamed
for high abandonment rates and low use rates, but these same difficulties are at least
as prominent in interventions developed in research settings. Both approaches
would most probably benefit from a proper analysis of acceptability (Perski &
Short, 2021), although commercial systems more often employ strategies to address
this routinely as they also need to redeem their value for customers in terms of
monetary investment. Indeed, as Perski and Short (2021) illustrate, acceptability
provides an opportunity for engagement, and only engagement can lead to
effectiveness. Indeed, subjective evaluations of the systems are at the core of
acceptability.
This thesis has identified that personal factors lead to different selections and
perceived evaluations of systems. Although not surveyed, these systems also were
acceptable for their users as they have continued to use them; for example
engagement is reached to some extent. Therefore, commercial system use may
serve as a successful examplar where antecedents of effectiveness in terms of actual
behavioural changes are possible. This work has identified that systems persuade
individuals in various ways, leading to disparities in which features are crucial for
desired outcomes.
5.1.3 Nature of persuasive design
This thesis work started with the idea that by combining research from related fields
such as contextual computing, marketing and behavioural sciences, it might be
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possible to extend persuasion event definitions of the PSD model into more
concrete examples of factors relevant for a change. The studied factors turned out
to be relevant, but not always as expected: The high need for reflection results in
low scores for persuasive design, and not even highly persuadable individuals in
terms of persuasion strategies are always easily persuaded. Does this mean that
effortless system use is persuasive and reflective thinking is not? Do high reflectors
prefer to think for themselves instead of accepting the system’s advice as is?
Persuasion is often considered peripheral processing, and reflection and elaboration
are forms of conscious thinking, thus representing central processing of
information. However, if persuasion is unconscious, can you persuade via central
processing? The nature of reflective thinking in the context of persuasive systems
and persuasive communication, in general, does not seem straightforward.
Reflective thinking seems to have similar characteristics with direct route
persuasion, and perhaps they are, indeed, at the opposite ends of an information
processing style. However, it seems plausible that both approaches have a role in
effective systems in terms of how people process information and what systems
should support.
All the studied traits are personality factors in the extended persuasion event
model presented in Study I. They are relatively stable and expected to be
operational in many phases of the behaviour change process. However, traits are
not expressed in all situations, and some are more generalisable than others
(Haslam et al., 2017). For example, recent studies of NfC indicate that this trait is
rooted deep in neurological systems, and it changes how the individual perceived
stimuli at the time of attention (Aquino et al., 2020; Kim, 2019). This same applies
to self-schema, which is, by definition, a cognitive information processing structure.
However, NfC is a broader trait and self-schema typically specific to certain
domains, so these traits are at the ends of a generality continuum. An exerciser’s
self-schema has narrow applicability, as it considers only the domain of physical
activity. In terms of trait hierarchy, NfC can be considered a compound trait (Chen,
2011; Taylor et al., 2015), and a self-schema is perhaps a situational or categoryspecific surface trait (Mowen, 2000b). Trait hierarchies, indeed, might also inform
the categories of the extended persuasion event model by suggesting that those
traits in the highest reference level, that is compound traits, might be antecedents
for situational traits. As our data suggest that this compound trait, NfC, affects the
selection of systems, could this imply that all compound traits have this capacity?
The other studied traits did not seem to affect system selection, so perhaps they are
situational and effective later in the system use process. At any rate, the extended
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persuasion model should be extended further to illustrate the hierarchies among
personality traits, or it should take a stance and define only traits that are at the
proper reference level for persuasive design.
Which level would, then, be the most practical? A person carries numerous
self-schemas that are all specific to some domain, but there might be synergies
between them, extending applicability. Indeed, if the exerciser self-schema would
be challenging to reach in terms of healthy behaviours, it might be possible to
identify a self-schema that would fit better those who aim to keep healthy, such as
a healthy exerciser. As it is difficult to change elemental or compound traits, it
might be slightly easier to develop situational and surface traits. Therefore,
situational and surface-level traits might be most relevant to consider in terms of
system use. Health psychology identifies traits essential for change, for example
self-efficacy (Bandura, 1978). However, this trait is often referred to in its contextspecific form, as general self-efficacy does not have a similar predictive value
(Warner & French, 2020) and general self-efficacy is, like NfC, a compound trait
(Mowen, 2000a). Other traits considered relevant for persuasion in previous
research are, for example the need for affect, need for closure and need to evaluate
(Kaptein et al., 2015). It might be feasible to consider if those traits are similarly
broad and lack the predictive relevance for actual behaviour change. Those traits
probably have some facets that will be more specific for the domain of change.
Persuasive design and behaviour change will benefit more from studying and
focusing on those traits instead of broad traits. Does understanding contextual
factors help to facilitate change then? It seems plausible that the studies of this
thesis have highlighted that understanding the psychological factors might
sometimes be relevant for the design of the intervention, itself.
5.1.4 Tailoring BCTs: Feasibility considerations
Tailoring and personalisation are functionalities that can be implemented in several
levels of the system or service but not alone, as there always is a function, content
or service that is personalised. Masthoff et al. (2014) state that the personalisation
of BCTs could be done either within one technique or as a selection between
techniques. For example, within techniques, personalisation could vary how a BCT
is constructed (e.g. Lepri et al., 2016). The between-techniques approach varies
regarding which BC techniques are used to deliver the desired outcomes in terms
of behaviour change (e.g. Orji et al., 2014). A recent review of conversational
agents in health care identified that tailoring is mainly a within-technique method
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(Kocaballi et al., 2019), indicating that systems that provide different users with
different features are rare. Usually, only informational content is personalised.
Exerciser identity, the need for reflection, the susceptibility to certain
persuasive strategies and the need for cognition are all traits that change the amount
of effort or attention the user is ready to devote to the interaction with the system.
Although these disparities can be met with alternative content types or wordings,
variations might be better realised via personalisation between techniques that
allow systems to deliver different features to different individuals. For example,
users with innate interest in reflecting on data and finding insights by interacting
with it (high-NfC users) might be better served with a transparent view of actual
data, instead of feedback features that aim to give straightforward and actionable
guidance without a need to examine the data at all. However, one might need access
to both, which implicates that features, perhaps, should not be removed but perhaps
paired in a certain way to allow both quick glances and reflective thought with
richer data. Tailored approaches might narrow the space in a way that does not
follow the user’s own progress and does not allow learning and exploration when
new aspirations are activated. Moreover, tailoring in terms of data or insight
creation might be situationally unbalanced so both ends of the trait continuum have
occasions when they need the other type of information. However, tailoring
towards expressed needs or inferred behaviours with the system might be more
practical.
Similarly, the level of one BCT is a narrow concept to define how the system
delivers the behaviour-changing effects. For example, the self-monitoring feature
might monitor outcomes and behaviours, but it can be implemented using diaries
or sensors, both relevant for many types of systems. Moreover, frequency of
monitoring, frequency of feedback and duration of monitoring can be tailored to a
specific group or behaviour. Still, this level can be predefined, and it does not
necessarily improve the personal relevance of the system. Therefore, at the level of
system operations, one can tailor the reference value used in monitoring (e.g.
because the BMI is very high, not using normal BMI but some other value which
is less depressing and focuses on progress), define that with low activity the
feedback is always in the form of ‘focus on previous success’ and so on.
In summary, although the difference between personalisation to one, two or
three levels of system implementation might not be unambiguous, the within
technique is still too rough and does not cover the many possibilities for
personalising towards higher personal relevance and improved system
effectiveness in terms of behaviour change. The problem with the within-technique
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level is that if BCTs are identified at that level in interventions and systems, it might
be too vague. There might be combinations of the attributes mentioned above that
are not compatible. Conversely, everyone has their own determinants of behaviours,
and participation in the RCT study does not always screen participants for those
reasons. It might be that variations in effectiveness are as much linked with actual
target behaviours as they are with technique implementations. Indeed, the field
seems to think that it is possible to identify separate elements and isolate their
effects one by one.
Considering determinants of behaviours targeted with interventions, not all
apply to all users. People might have diverse problem behaviours leading to the
same outcome, for example low physical activity. Therefore, there is also room for
personalising which behaviours are targeted with the intervention. Sometimes, this
is a product positioning question, but it can also be a choice the user makes when
using the system or what the system recommends as a next step.
5.2

Practical implications

This thesis has tried to understand if the users in the real world differ in terms of
studied characteristics. Furthermore, the studies have tried to exemplify if the
distinctions are meaningful in tailoring or personalising the systems at some level.
The traditional approach to deal with the identified differences in the target
population is to tailor the service and content to meet those differences and use a
single instance of software or intervention. Similarly, computer tailoring assumes
the problem is more approachable by being better and faster with tailoring. The
studies of this thesis have aimed to understand the nature of four psychological
dimensions that, based on previous research, were promising candidates to explore
as facilitators of persuasive design and behavioural change. Therefore, the
approach is different from tailoring, as it seeks to identify potential phenomena,
traits or relationships that might make behavioural changes easier by persuading all
users towards strategies that precede positive user evaluations. For example, is the
exerciser self-schema a suitable identity for those who wish to keep physically
active? Is the high need for cognition a preferred customer type for self-tracking
device vendors?
The empirical work first assessed the reflection as an activity considered
relevant for a change. The premise of supporting reflection by the design of
interactive technologies is that reflection is the direct route that should predict more
enduring changes. Similarly, elaboration is a conscious form of thinking. The
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prediction is that a person who reflects his/her personal self-tracking data can turn
information into knowledge and actionable insights, which will lead to changed
thinking and behaviours. Unfortunately, the described path rarely matches the
actual journeys of customers of self-tracking systems. Humans are not rational
direct route walkers but more like absent-minded winding path stumblers. That
means that systems cannot be passive in their information sharing and expect users
to spend unguided time and effort to reflect and elaborate on their data. Instead,
results of reflective thinking, elaboration and informed decision making might be
improved by combining behaviour change techniques and persuasive features to
invite users to reflect on data. That might mean that merely conscious, effortful
thinking could be a target of the system, and the designer cannot pre-define the
outcome of this thinking process. This approach is aligned with the idea of the
contextual fit of the intervention: When a user decides and defines actions to come,
the actions are grounded in the person's everyday experiences and, thus, are specific
and practical. The system's role is to identify or enable the user to identify the
problematic behaviours and guide building strategies to overcome them one by one.
The question that research needs to address in this context is what constitutes the
problematic behaviour in each case and build rules on how those can be detected
using data the system collects.
In addition, to improve the data engagement at a general level, this thesis has
also suggested that broad personality traits influence the phase of system selection.
Potential users decide to use another system based on merely the brand image and
screens presented in marketing communication. While this is not a new finding for
those working with marketing and product positioning, it might not be as widely
accepted in BCSS research, which often aims to tailor systems based on personality
traits. Study V used a narrowly focused, domain-specific exerciser self-schema as
an evaluative lens. Keeping the tailoring ingredient closer to the actual problem
domain might give more practical and robust insights for future systems. An
implication of this might be that when broad trait NfC is applied in selecting,
evaluating or tailoring a system or service, it should be considered already at the
strategic level as it already has a role in product positioning and market analysis.
Moreover, systems should guide users based on evidence-based techniques.
This idea is now called behavioural prescription (David Perrot first used the term
in a Twitter thread). Behavioural prescription, in this thesis, refers to design
strategies that guide users based on evidence in behavioural science, for example
which goals they should set considering their status, aspirations and environmental
factors or if they should pursue goals at all and focus on skill acquisition instead,
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supported by, for example a daily reminder or a habit tracker. The key ingredient in
the idea of behavioural prescription is supported by theory and evidence, and it
utilises data the user has given, either responses to queries or self-tracked data, to
compose a set of choices to start progress. The main difference to current
commercial systems is that they usually have a very narrow set of paths to suggest
and are passive in onboarding the user on the path of change. They tend to focus
on onboarding the person as users of the system and device but not so often as a
person starting a better lifestyle. For example, the work presented in this thesis and
other newly published studies (Furman & Rothman, 2020; VanEpps et al., 2019)
implies that process focus might work better for initiating action and keeping the
process ongoing. Therefore, the system should promote setting process goals
instead of supporting only outcomes, as the user is more likely to succeed with
process goals. In practice, this might sometimes cause conflicts between the user
and the system, which deserves more research.
Exerciser self-schema categorisation recently received a new proposition
which grouped the respondents into three categories using latent profile analysis
(Samendinger & Hill, 2021). This approach aims to understand better the nature of
those previously categorised as unclassifiable. Those with the exerciser schema had
the highest ratings of intrinsic motivation towards exercise. These results support
our suggestion that process-focused goals are more typical for those who find
activity intrinsically motivating and engage in those activities for the mere joy of
them. As this motivational background most accurately predicts sustainable
behavioural patterns, exercisers’ system use characteristics might, indeed, be
guidance for future system use. These results can be interpreted so everyone using
these tools would benefit from process focus facilitating daily or otherwise frequent
and different types of activities that progress towards the direction defined by
outcome goals. Therefore, the process focus of goals might be beneficial behaviour
the users could be guided towards, and mere focus on outcomes, the most supported
goal types in current systems, is slightly problematic.
Alternatively, those with intrinsic motivation to be active might use these
devices differently, guided by alternative needs and motivations. For example, their
goals are not to improve but to maintain, or their goals are somewhere else than in
the system. Indeed, among the limitations of the data analysed in this thesis is that
it does not explicitly define if the user’s goals were in the system. Data only report
the overall focus of goals. However, it might be relevant to understand if the goals
essential to particular self-schema typically are process focused. If this is the case,
system development should support schema-congruent processes. Additionally, as
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a self-schema is similar to identity, using communication and metaphors referring
to an identity, actual or preferred, might be worth investigating.
The challenge with process goals is that they are, by definition, contextualised.
Many strategies considered effective for change and initiating action use specificity,
as it facilitates putting intention into action. Simultaneously, it might be difficult
for a system to gain all the necessary information for a fully contextualised goal.
One approach which might improve the contextualisation of goals is conversational
UIs, similar to those used in chatbots. As there are not (yet) systems that would
fully match the context, systems should automatically monitor user data patterns
and suggest more fine-grained definitions as goals when such emerge. The
interactive nature of data exploration and goal setting has received some support in
previous research and might improve the personal relevance of the information and
commitment to its striving, as it is co-created instead of passively monitored and
received. Moreover, this new way to define what and how to monitor is a way to
reciprocate in a dialogue with the system.
Finally, considering the studied topics of this thesis, there are stable differences
in how individuals perceive, remember and pay attention to various stimuli. The
susceptibility to persuasive influence attempts and the motivation to engage in
effortful conscious thinking are factors that act on attention and motivation. That
means that they have fewer self-regulatory aspects than goal striving or engaging
in reflective thinking. Indeed, the implications of this thesis can be divided into two
broad categories: unconscious methods to draw attention and persuade as well as
conscious, effortful processes of thinking and self-regulating. Successful selftracking combines both types of influence by inviting the user to engage with the
system and provide scientifically proven ways to build strategies to overcome
inertia, blockers and motivational struggles.
As the contributions are dispersed in many levels in the behavioural design of
systems and interventions, the insights are aligned with decision-making levels.
The strategic level deals with the selection of behaviour change techniques and
mechanisms of action. The tactical level makes choices of how to build the user’s
journey according to the expected change process. The detailed design and
implementation of the selected functions are conducted at the operational level. The
conceptual framework for behaviour design is illustrated in Figure 5.
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Fig. 5. Levels of behavioural design.

The design implications in the following table should be used as indications of the
general direction for future designs. These implications are a combination of
theories defining the mechanisms to induce changes and identified trends in the
empirical studies of this thesis and the previous research of the field. They should
be considered ideas to be explored, not validated guidance. The idea is to illustrate
how theoretical knowledge could be merged with subjective user evaluations and,
furthermore, to exemplify what this thesis might contribute to actual design and
implementation work.
Table 4. Design implications for future self-monitoring systems.
Level of design

Finding

Design insight

What are the target users

Broad trait NfC is functional; it is

Pay attention to the data engagement

like?

already in the system selection

strategies of the product. Data that

phase.

are too narrow might impact the

STRATEGIC

system selection for those interested
in data, and a heavy focus on data
exploration might turn away those
seeking simple solutions.
Usually, only contents are tailored.
Acknowledge that different users
might benefit from a different set of
features, and tailoring only content is
rarely enough.
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Level of design

Finding

Design insight

Users with very high ability and

Consider varying modes of system

habits in target behaviours will most use: guided coaching- or passive
probably not benefit from feedback

data collection-type use. Provide

and reflection in similar ways.

easy access and findability for
changing the mode. The same
approach might prevent users from
abandoning the system when their
life situation does not allow a guided
program. They could still benefit from
the collected data, and the system
and the use can recover from the
lapse with up-to-date data.

Which BCTs target the

Systems currently use similar

The narrow set of supported features

identified behaviours of the

techniques, which narrows the

means there often is a minimal

users?

design space.

choice for the user to get support for
behaviour types. Choice can also be
offered via easy integration with other
services.

Weak positive relationship between Facilitate reflective thought by inviting
system features and the need for

the user to examine behavioural data,

reflection

for example BCTs reviewing goals,
focusing on past successes and MoA
beliefs about consequences and
capabilities. Persuasive features may
be employed as invitations, such as
rewards and praise or social
comparison.

What MoAs could be used?

BCTs might be too narrow to

Use a broader scope, for example

support all the processes of

MoA (goals) that fit the product's

change.

overall strategy. Design and
implement paths from selecting and
adopting reasonable goals, defining
them at a specific level, planning
actions to execute actions, monitoring
and providing status information and
reviewing goals.
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Level of design

Finding

Design insight

Which measures are

Systems support mainly outcome-

Develop new ways to monitor and

monitored by the user?

focused goals, but exercisers seem show progress. For example,
to have more process goals.

processing focused subgoals with
small, iterative actions beside a more
abstract, long-term goal supports
motivation and frequency more easily
and facilitates the formation of
routines and habits.
Skills is a MoA which can be utilised
in building small repetitions.

How to improve the fit with

Systems currently use similar

Use behavioural prescriptions and

the user’s needs

techniques, which narrows the

suggest theoretically promising

ability to support more users.

approaches when a suitable one is
identified.

TACTICAL
How are selected BCTs

Not all users enjoy exploring data;

aligned to support the user’s some prefer to use data in various
journey and change
process?

ways.

Interaction between process and
outcome goals should be visible and
apparent for the user to see how
small actions contribute to the bigger
goal.
Develop design alternatives for
detailed, actionable feedback vs
exploration with data.
Similarly, not all data is equally
important. Consider which data points
provide insight to either process or
outcome, and select data
visualisations guided by measured
behaviours.
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Level of design

Finding

Design insight

Praise and rewards are

It might be beneficial to separate

reinforcement techniques, but their

feedback and feedforward functions

effectiveness in long-term

(suggestions) clearly from praise and

processes such as self-monitoring

rewards, as the former aims to give

is not straightforward.

actionable information about the
status using conscious thinking and
the latter is based on the
unconscious process of
strengthening the preceded
behaviour. Therefore, praise and
rewards should be delightful and
positive. Consider creating joyful
experiences by designing praise as a
delightful when it is focused on rare
occasions (the achievement of
monthly goals etc.).

How to support engagement Women seemed to evaluate
with the system

Computers as social actors might be

systems more positively, and often

one explanation for higher dialogue

the role of dialogue support was

evaluations. If this is true, interaction

stronger for them.

and engagement might be improved
by using light anthropomorphic
features in interaction with the
system.
Pay attention to possible gendered
feature evaluations to improve the fit
with user needs.

Reciprocation and commitment are Frame dialogues as mutual, shared
strong social influence strategies.

decision making and data collection
as co-production. Facilitate
consistency in an indiscernible way,
without demands or strong
commitments.
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Level of design

Finding

Design insight

Dialogue support is important, but

Design reminders to remind of actual

its purpose is unstructured.

behaviours, not to interact with the
system. Consider when reminders
should be triggered considering the
nature of the action, and use those as
default settings to guide the user. Set
reminders for each task, not during
onboarding, unless they are not
directly related to tasks defined in
that phase. Facilitate conscious,
deliberate reminders.
Systems might benefit from clear
differentiation between system
reminders, which invite system use,
and behavioural reminders, guiding
behaviour outside the system.

How to improve data

Susceptibility to social influence

Some persuasion strategies might

engagement

strategies slightly alters how

serve as invitations to analyse data.

features are perceived.
OPERATIONAL
Which types of interaction

Persuasion is essentially about a

methods and styles are used positive attitude towards the
to design the interface?

system.

Reminders are essential, as
sometimes planned actions are
forgotten. However, reminders might
benefit from user-defined attributes
(i.e. self-set reminders) which support
implementation intentions and future
planning. Facilitate high specificity.

Fluency of interaction is perceived

Avoid frustration with the system, as

as persuasive, and it increases

there might be frustration with the

efficacy beliefs with the system and change process. Frustration is best
perhaps with the change process,

avoided with good usability and high-

itself.

level technical implementation.

Identity constructs might be relevant Use identity developing and
for successful behavioural changes. supporting language. Help identify
signs of preferred identity. For
example, focus on past success and
highlight the number of activities is
typical for someone with that identity.
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Level of design

Finding

Design insight

How do visuals and

Design aesthetics contribute to the

The role of the liking principle should

metaphors communicate

system's credibility, and expertise is not be underestimated, as it probably

expertise? For example,

also communicated via state-of-the- colours many evaluations, good or

could sounds and haptics be art visual design.

bad.

used?

5.3

Limitations and future research directions

The results presented in this thesis should be interpreted against the background of
many limitations. Most stem from self-reported data. Although the second data set
did request a self-evaluation of physical activity levels compared to the time before
the self-monitoring system, this thesis does not actually measure behavioural
changes. Another concern is the generalisability of findings, given the small sample
size and specific population studied. The sampling strategy narrowed the system’s
use, but because the samples consist of university students and personnel, they do
not reflect the general population very well. However, it might be somewhat
representative of the actual use of self-monitoring systems.
The findings of this work could be expanded by combining some of its
measurement instruments with actual tracker data to understand whether
differences in system evaluations indicate differences in actual system use and
tracking data. In some systems, this is unlikely because systems are relatively
passive, and only the collected tracker data clearly indicate actual use. For some
others, for example rings and trackers without a screen, app use is more indicative.
Moreover, some systems can be used with very minimal interaction. For example,
activity trackers that present steps count for a wrist-worn device, and there is no
absolute need to use more advanced features of the device, itself, or the mobile app.
This distribution of UI between one, two or in cases with accompanying web
service, three systems is itself a limitation for this study, as the data collection does
not differentiate from which devices the impressions are gained.
This study analysed several systems with the same target behaviour
(monitoring physical activity) simultaneously. Many of the insights identified in
this work can be further studied using a single system. By following the evaluation
framework findings, developing measurement items to match one principle only
and forming a theory-based research model should inform if the system is perceived
to implement the studied techniques. However, it is not known how behaviour
change techniques are subjectively experienced. Do system users experience the
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system as encouraging, fun, useful, persuasive or effective? This information is
highly relevant for the field. There might be effective techniques, but the users
rarely use them, as they are accompanied by unwanted consequences or affective,
negative side effects. That might be the case with high-performance goals and
health behaviours, and it seems to be the case with commitment devices that may
be very effective, but people usually consider them aversive. Therefore, it is crucial
to identify acceptability, as it might prevent effective techniques from gaining
sufficient reach.
One important aspect of evaluations is the nature and motivations of system
use. Is the self-monitoring system used to collect data for purposes unrelated to
changing or improving current behaviours? For example, if a person is a habitual
exerciser and has been exercising for years in a similar way, there might be a need
to move to the next level or only collect data for diary keeping. In this thesis, both
data sets were collected without querying the motivation to use the system. That
limits the contributions and generalisability of the work because the original
reasons for use also influence the evaluations. Understanding why the system has
been adopted in the first place is not always known, and future studies would
benefit from studies that assess purchase decisions and the actual use of the first
few months. That information will help identify whether current systems support
key decisions and if there are unmet needs between the market’s expectations and
the actual offerings. Indeed, most systems employ very similar features, almost
certainly many plainly copied from other product manufacturers. Some systems are
more toollike and passive and do not prompt, for example goal setting. Others
expect goal setting and keep informing about goal attainment. These differences
probably resonate differently with novices of physical activity compared to those
with solid activity routines and skills. Customers might also buy devices and start
using systems based on feature lists, and more features might seem more worth the
money. A combination of measures to detect the presence of a change technique
and a few strategically selected psychological traits can be used to explore if the
system is perceived differently by users, perhaps due to personal goals (improving
vs maintaining) or motivations (affinity for technology vs health behaviour change).
When this is compared with actual system use and activity data, it might be possible
to identify various goals and motivations from the actual application data, which
helps to understand how the system is actually used to reach goals.
When using the PSD model as the framework in system evaluations, new
constructs should focus on the principle level, as mentioned. For example, when
one evaluates the goal-setting features of a system, the research design should use
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a relevant theory to define the expected relationships (e.g. goal-setting theory)
between applicable principles for the feature. In this example, those principles
could be a reduction (disassembles the overall outcome goal as smaller process
goals), self-monitoring (measures how the system user can see the current status,
understand if re-direction is needed and evaluate progress towards goal), praise
(measures how verbal persuasion is experienced in the context of goal striving),
rewards (measuring the perceptions of achievement as a persuasive feature) and
reminders (helping the user to remember the tasks and overall goal in everyday life).
Goal-setting theory and theoretical foundations of other principles define what the
model expects of the relationships between those principles based on theory.
There seem to be unknowns regarding the role of human─information
interaction (Shin et al., 2019) which hits close to the need for reflection and
unconscious processes concerning individual decision making. In practical
contributions, the term data engagement has been used to indicate that there most
probably is, to some extent, separable interaction with the data and with the system,
itself. When self-monitoring systems are evaluated, it might be feasible to study
engagement and adherence separately depending whether they are linked to the
system, data or change. It is also an exciting research stream to understand the roles
of those forms of experience. Similarly, as systems have improved remarkably and
more people buy them voluntarily, it would be interesting to know whether they
perceive their systems as tools or toys and what is their balance between aspirations
for change vs the affinity for technology and data.
Overall, the study investigating the susceptibility to persuasion strategies had
the smallest effect sizes. Because of the data quality, the study could not analyse
susceptibility groups separately, which was the original aim of the study. Therefore,
the findings are modest at best. As reciprocation and commitment seem relevant
for these systems, it might be useful to study whether these traits could be
strengthened with the system’s design or, in general, relevant to improving health
behaviours. It would be especially interesting to use anthropomorphic features
combined with reciprocation and commitment or use conversational UIs to evoke
feelings of reciprocation and commitment.
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6

Conclusion

This thesis has taken an explorative approach to understand how users of
commercial self-tracking systems experience and evaluate the self-selected systems
they voluntarily use. Although this approach is not entirely new, it has broadened
the understanding of how behaviourally relevant techniques are functioning and
influencing the subjective experiences of their users. Among the underlying themes
of this work has been the idea that the systems are much more than what they
constitute. The power inducing change is more than the system, itself, how it
behaves in UI and how users perceive it. This thesis also aims to understand what
persuasive design for behaviour change is and position persuasive features in the
same picture among behaviour change techniques and mechanisms of action.
Indeed, regardless of much theoretical evidence being rather theory-based,
perhaps some is gathered by jumping from theoretical assumptions directly to the
objective, measured change. There are different users and realised psychological
processes in the middle of this path, out of which only some will be proven to be
actual determinants of the observed change. This thesis suggests that even the most
basic mechanisms might not work for all users or systems. If the data were
longitudinal and intrapersonal, it might go so far to suggest not even THE effective
techniques work every time and not even every time for the same person.
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Appendix 1. Measurement instruments in Study II
Construct

Items

Source

Unobtrusiveness

Using the service fits into my daily life

Lehto, Oinas-

(UNOB)

Using the service disrupts my daily routines (deleted)

Kukkonen, &

Using the service is convenient for me

Drozd (2012)

Finding the time to use the service is not a problem for me
Dialogue support

The service encourages me

Lehto & Oinas-

(DIAL)

The service rewards me

Kukkonen (2015b)

The service provides me with appropriate feedback
The service provides me with reminders for reaching my
personal goals
Perceived

The service is trustworthy

credibility (CRED) The service is reliable
The service shows expertise

Lehto, OinasKukkonen, &
Drozd (2012)

The service instils confidence in me
Primary task

The service makes it easier for me to reach my goals

Lehto, Oinas-

support (PRIM)

The service helps me in reaching my goals gradually

Kukkonen, &

The service helps me in keeping track of my progress

Drozd (2012)

All things considered, I find using the service a wise thing to

Hamari & Koivisto

do

(2013)

Attitude (ATT)

All things considered, I find using the service to be a good
idea (deleted)
All things considered, I find using the service to be positive
All things considered, I find the service to be favourable to use
Social influence

People who influence my attitudes would recommend the

Hamari & Koivisto

(SOC)

service

(2013)

People who are important to me would think positively of my
using the service
People I appreciate would encourage me to use the service
My friends would think using the service is a good idea
Need for reflection I am not really interested in analysing my behaviour
(NEEDSR)

Grant et al. (2002)

It is important for me to evaluate the things that I do
I am very interested in examining what I think about
It is important to me to try to understand what my feelings
mean
I have a definite need to understand the way my mind works
It is important for me to understand how my thoughts arise

Insight (INSI)

I am usually aware of my thoughts (deleted)

Grant et al. (2002)

I am often confused about the way that I really feel about
things (deleted)
I usually have a very clear idea about why I have behaved in a
certain way
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Construct

Items
I am often aware that I feel a certain way, but I often do not
quite know what it is (deleted)
My behaviour often puzzles me
Thinking about my thoughts makes me more confused
Often, I find it difficult to make sense of how I feel about things
I usually know why I feel the way I do
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Appendix 2. Measurement instruments in Study III
Construct

Items

Source

Design aesthetics The screen in the service (i.e. colours, layout, presenters,

Lehto, Oinas-

(DEA)

etc.) is attractive

Kukkonen, &

The general appearance of the service is appealing

Drozd (2012)

The service provides a nice visual experience
Dialogue support

The service encourages me

Lehto & Oinas-

(DIAL)

The service rewards me

Kukkonen

The service provides me with appropriate feedback

(2015b)

The service provides me with reminders for reaching my
personal goals
Perceived

The service is trustworthy

credibility (CRED) The service is reliable
The service shows expertise

Lehto, OinasKukkonen, &
Drozd (2012)

The service instils confidence in me
Primary task

The service makes it easier for me to reach my goals

Lehto, Oinas-

support (PRIM)

The service helps me in reaching my goals gradually

Kukkonen, &

Reciprocation

The service helps me in keeping track of my progress

Drozd (2012)

When a family member does me a favour, I am very

Kaptein et al.

inclined to return this favour

(2009)

I always pay back a favour
Scarcity

I believe rare products are more valuable than mass

Kaptein et al.

products

(2009)

When my favourite shop is about to close, I would visit it
since it is my last chance
Authority
Commitment
Consensus

I always follow advice from my general practitioner

Kaptein et al.

When a professor tells me something, I believe it is true

(2009)

Whenever I commit to an appointment, I do as I am told

Kaptein et al.

I try to do everything I have promised to do

(2009)

If someone from my social network notifies me about a

Kaptein et al.

good book, I tend to read it

(2009)

When I am in a new situation, I look at others to see what I
should do
Liking

I accept advice from my social network

Kaptein et al.

When I like someone, I am more inclined to believe him or

(2009)

her
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Appendix 3. Measurement instruments in Study IV
Construct

Items

Loading Source

Self-monitoring

The system helps me to set goals regarding my activity

0.825

Lehto, Oinas-

The system helps me in keeping track of my progress

0.843

Kukkonen, &

The system helps me to see how I progress towards my goals -

Drozd (2012)

DELETED

Lehto & Oinas-

The system helps me to understand where I am and where I

0.818

Kukkonen
(2015b)

want to be

Lehto, OinasKukkonen,
Pätiälä, et al.
(2012)
Feedback

The system gives me feedback that I can easily act on

0.867

Lehto, Oinas-

The system gives me personally relevant feedback

0.840

Kukkonen, &

The system gives me personally relevant feedback

0.839

Drozd (2012)

The feedback that I receive encourages me DELETED

-

Lehto & OinasKukkonen
(2015b)
Lehto, OinasKukkonen,
Pätiälä, et al.
(2012)

Perceived

Overall, information that the system presents to me is

credibility

accurate

0.839

Lehto, OinasKukkonen, &

I consider the system trustworthy

0.832

Drozd (2012)

Generally, the measurements the system shows are

0.820

Lehto, OinasKukkonen,

believable
The information presented to me instils confidence

0.805

Pätiälä, et al.

This system is created by professionals

0.715

(2012)
Lehto & OinasKukkonen
(2015b)

Perceived

In my opinion, the system is beneficial

persuasiveness Using the system affects my physical activity

0.837

Lehto, Oinas-

0.858

Kukkonen, &
Drozd (2012)

In my opinion, the system is convincing DELETED
The system has an influence on me

-

The system makes me reconsider my physical activity habits
0.877
0.787
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Construct

Items

Loading Source

Need for

I would prefer complex to simple problems DELETED

-

cognition

I like to have the responsibility of handling a situation that
requires a lot of thinking

Chiesi,
Morsanyi,

0.808

Donati, & Primi
(2018)

Thinking is not my idea of fun DELETED
I would rather do something that requires little thought than
something sure to challenge my thinking abilities DELETED
I try to anticipate and avoid situations where there is likely a
chance I will have to think in-depth about something.
I find satisfaction in deliberating hard for long hours
The idea of relying on thought to make my way to the top
appeals to me
I really enjoy a task that involves coming up with new
solutions to problems

0.749

I prefer my life to be filled with puzzles that I must solve

0.818

I would prefer a task that is intellectual, difficult and important
to one that is somewhat important but does not require much

0.774

thought DELETED
0.775
Self-reported

Compared to your physical activity before you started using

activity

the application, how would you rate your physical activity now
when you are using the application? This question refers to
your own estimation.
I am a lot less active
I am slightly less active
As active as before
I am slightly more active
I am a lot more active
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Appendix 4. Measurement instruments in Study V
Construct

Items

Outcome focus

I often compare my current condition with a past condition 0.711

Hamari,

I often think about what it will be like to reach my exercise 0.842

Hassan, & Dias

goals

Loading

0.784

Source

(2018)

I often compare my current condition to the condition I
want to attain in the future

0.811

I often dream about the day I will reach my goals
Process focus

When exercising, I am enjoying the exercise for its own

-

Hamari,
Hassan, & Dias

sake DELETED
I often think of what I can do to pursue my exercise goals

0.832

(2018)

While exercising, I pay attention to how my exercise is

0.656

Freund,
Hennecke, &

going
0.852

Riediger (2010)

I have clear outcomes that I want to reach

0.894

Hamari,

I have defined the measures that indicate when I have

0.762

Hassan, & Dias

I often think about how I could improve my exercise
sessions
Goal specificity

Self-monitoring

reached my goals

(2018)

I have no problems evaluating whether I have reached my -

Locke &

goal DELETED

Latham (2002)

It is easy for me to say what my goals are

0.788

The system helps me to set goals regarding my activity

0.792

Lehto, Oinas-

The system helps me in keeping track of my progress

0.848

Kukkonen, &

The system helps me to see how I progress towards my

0.843

Drozd (2012)
Lehto & Oinas-

goals
The system helps me to understand where I am and

0.802

Kukkonen
(2015a)

where I want to be

Lehto, OinasKukkonen,
Pätiälä, et al.
(2012)
Feedback

The system gives me feedback that I can easily act on

0.826

Lehto, Oinas-

The system gives me personally relevant feedback

0.791

Kukkonen,

The feedback provided by my system usually comes at

0.850

Pätiälä, et al.
(2012)

the right time
The feedback that I receive encourages me

0.791

Lehto, OinasKukkonen, &
Drozd (2012)
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Construct

Items

Loading

Source
Lehto & OinasKukkonen
(2015a)

Perceived

Overall, information that the system presents to me is

credibility

accurate DELETED

-

I consider the system trustworthy

0.815

The measurements the system shows are believable

0.809

The information presented to me instils confidence
This system is created by professionals

0.836
0.760

Exerciser self-

Indicate whether each of the following phrases describes

Kendzierski

schema

you:

(1988)

Indicate whether each of the following phrases is
important to the image you have of yourself, regardless of
whether the trait describes you:
someone who exercises regularly
someone who keeps in shape
someone who is physically active
someone who is a healthy eater (filler item)
someone who is spontaneous (filler item)
someone who consciously sets goals (filler item)
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